wo 2005/026113 



PCT/EP2004/010260 



1,3-DISUBSTITUTED AZETIDINE DERIVATIVES FOR USE AS CCR-3 RECEPTOR ANTAGONISTS 
IN THE TREATMENT OF INFLAMMATORY AND AU.ERGIC DISEASES 



This invention relates to organic compounds, their preparation and their use as 
pharmaceuticals. 

In one aspect the invention provides compounds of formula la or lb 

H H Y 
Ar <;n— (-C-)— C— N— C— N— 

H H ie 

H O 
Ar^X^— <^N-f-i-^Q-N-C-N-R^ 



la 



H H 



lb 



in free or salt form, where 



Ar is phenyl optionally substituted by one or more substituents selected from halogen, 
Ci-Cs-alkyl, cyano or nitro; 

XI is -S(=0)- or -S(=0)2-; 

X2 is -C(=0)-, -0-, -CH2-, -S-, -S(=0)- or -S(=0)2-; 

m is 1, 2, 3 or 4; 

Ri is hydrogen or Ci-Cs-alkyl optionally substituted by hydroxy, Ci-Cs-alkoxy, acyloxy, 
halogen, carboxy, Ci-Cs-alkoxycarbonyl, -N(R^)R^ -CON(R^)R^ or by a monovalent cyclic 
organic group having 3 to 15 atoms in the ring system; 

Q has the formula 

/ \ 
C— C 

where R» is Ci-Cs-alkylene, 

or Q is -C(R^)(R*^)- where R^ and R*^ are independently Ci-Cg-alkyl 
or R^ and R<^ together form a Ca-Cio-cycloalkyl; 
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Y is oxygen or sulfur; 

is hydrogen, Ci-Cs-alkyl or Cs-Cio-cycloalkyl and is Ci-Cs-alkyl substituted by phenyl, 
phenoxy, acyloxy or naphthyl, or is Ca-Cio-cycloalkyl optionally having a benzo group 
fused thereto, a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms, 
phenyl or naphthyl, said phenyl, phenoxy or naphthyl groups being optionally substituted by 
one or more substituents selected from halogen, cyano, hydroxy, acyl, nitro, -SO2NH2, Ci-Cg- 
alkyl optionally substituted by Ci-Cs-alkoxy, Ci-Cg-haloalkyl, Ci-Cg-alkoxy, Ci-Cs- 
haloalkoxy, Ci-Cs-alkyldiio, -SOz-Ci-Cs-alkyl, Ci-Cg-alkoxycarbonyl, Ci-Cs-acylamino 
optionally substituted on the nitrogen atom by Ci-Cg-alkyl, Ci-Cg-alkylamino, aminocarbonyl, 
Ci-Cs-alkylamino-carbonyl, di(Ci-C8-alkyl)amino, di(Ci-C8-alkyl)aminocarbonyl, di(Ci-C8- 
alkyl)aminocarbonyl-methoxy, 

or R^ and R^ together with the nitrogen atom to which they are attached denote a heterocyclic 
group having 5 to 10 ring atoms of which 1, 2 or 3 are hetero atoms; 

R^ and R^ are each independendy hydrogen or Ci-Cs-alkyl, or R^ is hydrogen and R^ is 
hydroxy-Ci-Cs-alkyl, acyl, -SOiR* or -CON(R«)R7, or R^ and R^ together with the nitrogen 
atom to which they are attached denote a 5-or 6-membered heterocyclic group; 

R^ and R^ are each independently hydrogen or Ci-Cs-alkyl, or R^ and R^ together with the 
nitrogen atom to which they are attached denote a 5- or 6-membered heterocyclic group; and 

R^ is Ci-C8-alkyl, Ci-C8-haloalkyl, or phenyl optionally substituted by Ci-Cs-alkyl. 

Terms used in the specification have the following meanings: 

"Ci-C8-alkyl" as used herein denotes straight chain or branched alkyl having 1 to 8 carbon 
atoms. Preferably, Ci-Cs-alkyI is Ci-C4-alkyl. 

"Ci-Cs-alkylene" as used herein denotes straight chain or branched alkylene that contains 1 to 
8 carbon atoms. Preferably, Ci-Cg-alkylene is Ci-C4-alkylene, especially straight chain 
butylene. 
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"Ca-Cio-cydoalkyl" as used herein denotes cycloalkyi having 3 to 10 ring carbon atoms, for 
example a monocyclic group such as a cyclopropyl, cyclobutyl, cyclopentyl, cydohexyl, 
cycloheptyl, cyclooctyl, cydononyl or cyclodecyl, any of which can be substituted by one or 
more, usually one or two, Ci-C4-alkyl groups, or a bicyclic group such as bicycloheptyl or 
bicyclooctyl. Preferably Ca-Cio-cycloalkyl is Ca-Cg-cycloalkyl, especially cyclopropyl or 
cyclobutyl. 

"Ci-Cg-alkoxy*' as used herein denotes straight chain or branched alkoxy having 1 to 8 carbon 
atoms. Preferably, Ci-Cs-alkoxy is Ci-C4-alkoxy. 

"Ci-Cs-haloalkyl" as used herein denotes Ci-Cg-alkyl as hereinbefore defined substituted by 
one or more halogen atoms, preferably one, two or three halogen atoms. 

"Ci-Cs-haloalkoxy** as used herein denotes Ci-Cs-alkoxy as hereinbefore defined substituted 
by one or more halogen atoms, preferably one, two or three halogen atoms. 

**AminocarbonyP as iised herein denotes amino attached through the nitrogen atom to a 
carbonyl group. 

"Ci-Cs-alkylamino" and "di(Ci-C8-alkyl)amino" as used herein denote amino substituted 
respectively by one or two Ci-Cs-alkyl groups as hereinbefore defined, which may be the same 
or different. Preferably Ci-Cs-alkylamino and di(Ci-C8-alkyl)amino are respectively C1.-C4- 
alkylamino and di(Ci-C4-alkyl)amino. 

"Ci-Cs-alkylaminocarbonyl" and "di(Ci-C8-alkyl)aminocarbonyl" as used herein denote 
aminocarbonyl as hereinbefore defined substituted respectively on the nitrogen atom by one or 
two Ci-Cs-alkyl groups as hereinbefore defined, which may be the same or different. Preferably 
Ci-Cs-alkylaminocarbonyl and di(Ci-C8-alkyl)aminocarbonyl are respectively Ci-C4-alkyl- 
aminocarbonyl and di(Ci-C4-alkyl)aminocarbonyL 

"Ci-Cs-alkylthio'* as used herein denotes Ci-Cs-alkyl as hereinbefore defined linked to -S-. 

"Acyl" as used herein denotes alkylcarbonyl, for example Ci-Cs-alkylcarbonyl where Ci-Cs- 
alkyl may be one of the Ci-Cg-aikyl groups hereinbefore mentioned, optionally substituted by 
one or more halogen atoms; cycloalkylcarbonyi, for example Ca-Cs-cycloalkylcarbonyl where 
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Ca-Cg-cycloalkyl may be, for example, qrdopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
qrcloheptyl or cydooctyl; 5- or 6- membered heterocydylcarbonyl having one or two hetero 
atoms selected from nitrogen, oxygen and sulfur in the ring, sudi as furylcarbonyl or 
pyridylcarbonyl; arylcarbonyl, for example Cg-Cio-arylcarbonyl such as benzoyl; or 
aralkylcarbonyl, for example to Cio-aryl-Ci-C4-alkylcarbonyl such as benzylcarbonyl or 
phenylethylcarbonyl. Preferably acyl is Ci-O-alkylcarbonyL 

"Acyloxy" as used herein denotes alkylcarbonyloxy, for example Ci-Cs-alkylcarbonyloxy 
where Ci-Cg-alkyl may be one of the Ci-Cg-alkyl groups hereinbefore mentioned, optionally 
substituted by one or more halogen atoms; cycloalkylcarbonyloxy, for example Ca-Cs-cyclo- 
alkylcarbonyloxy where Ca-Cs-cycloalkyl may be, for example, cydopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl or cydooctyl; 5- or 6- membered heterocyclylcarbonyloxy 
having one or two hetero atoms selected from nitrogen, oxygen and sulfur in the ring, such as 
furylcarbonyloxy or pyridylcarbonyloxy; arylcarbonyloxy, for example Cg-Cio-arylcarbonyl- 
oxy such as benzoyloxy; or aralkylcarbonyloxy, for example Ce to Cio-aryl-Ci-C4-alkyl- 
carbonyloxy such as benzylcarbonyloxy or phenylethylcarbonyloxy, or aryloxyalkylcarbonyl- 
oxyr, for example, C^-Cio-aryloxy-Ci^Cs-alkylcarbonyloxy, any of which is optionally 
substituted in the aryl moiety by at least one substituent selected from Ci-Cs-alkoxy, halogen, 
Ci-Cs-alkylcarbonyl, aminosulfonyl, Ci-Cs-alkylaminosulfonyl and di(Ci-C8-alkyl)amino- 
sulfonyl. Preferably acyloxy is Ci-C4-alkylcarbonyloxy, or benzoyloxy or phenoxy-Ci-C4- 
alkylcarbonyloxy. optionally substituted in the benzene ring thereof by at least one substituent 
selected from Ci-CU-alkoxy, Ci-C4-alkylcarbonyl or aminosulfonyl. 

"Acylamino** as used herein denotes anndno substituted by acyl as hereinbefore defined. 

"Halogen" as used herein may be fluorine, chlorine, bromine or iodine; preferably it is 
fluorine, chlorine or bromine. 

"Ci-Cs-alkoxycarbonyl'' as used herein denotes Ci-Cg-alkoxy as hereinbefore defined attached 
through the oxygen atom to a carbonyl group. 

"Di-(Ci-C8-alkyl)aminocarbonylmethoxy" as used herein denotes aminocarbonylmethoxy 
disubstituted on the amino nitrogen atom by Ci-Cg-alkyl as hereinbefore defined, the two 
Ci-Cs-alkyl groups being the same or different. 
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"Optionally substituted" means the group referred to can be substituted at one or more 
positions by any one or any combination of the radicals listed thereafter. 

In Ar, the phenyl group may be substituted, for wcample by one, two or three, preferably one 
or two halogen atoms, preferably selected from fluorine and chlorine atoms, or by one or two 
Ci-Cs-alkyl, cyano or nitro groups, or by Ci-Cg-alkyl and one or two halogen, preferably 
fluorine or chlorine, atoms. When there is one halogen substituent, it is preferably para to the 
indicated group or X^. When there are two or three halogen subsdtuents, preferably one is 
para to the indicated group X^ or X^ and at least one of the others is ortho to the para-halogen 
substituent. 

R3 as substituted phenyl may, for example, be substituted by one, two, three, four or five, 
preferably by one, two or three, of the abovementioned substituents. R3 may be, for example, 
phenyl substituted by one, two or three substituents selected from halogen, cyano, hydroxy, 
nitro, Ci-C4-alkoxy, Ci-Q-alkoxycarbonyl, Ci-C4-haloalkoxy, -CO-NH2, di(Ci-C4-alkyl)- 
aminocarbonylmethoxy, Ci-C4-alkyl optionally substituted by Ci-C4-alkoxy, Ci-C4-haloalkyl, 
Ci-C4-alkylcarbonyl, Q-CU-alkylthio, -SO2-NH2, -S02-Ci-C4-alkyl, di(Ci-C4-alkyl)amino, Ci- 
CU-alkylaminocarbonyl or Ci-C4-alkyl-carbonylamino. as substituted phenyl is preferably 
phenyl substituted by one or more substituents selected from cyano, halogen, Ci-C4-alkyl 
optionally substituted by Ci-C4-alkoxy, Ci-C4-alkylcarbonyl, Ci-C4-alkoxy, Ci-C4"alkoxy- 
carbonyl, -CO-NH2,-S02-NH2, -S02-Ci-C4-alkyl, Ci-C4-alkyl-aminocarbonyl, di(Ci-C4-alkyl)- 
aminocarbonyl-methoxy or Ci-C4-alkyl-carbonylamino, especially cyanophenyl, particularly 
meta-cyanophenyl, and disubstituted phenyl where one substituent is Ci-C4-alkoxy or di(Ci- 
C4-alkyl)aminocarbonylmethoxy, preferably ortho to the bond linking R^ to the remainder of 
the molecule shown in formula la or lb, and the other, preferably para to the Ci-'C4-alkoxy 
group, is Ci-C4-alkoxy, halogen, cyano or Ci-C4-alkyl. When R^ is Ci-C4-alkyl substituted by 
optionally substituted phenoxy, the substituent(s) on phenoxy may be, for example, one, two 
or three substituents selected from halogen, cyano, Ci-Cs-alkyl, Ci-Cs-alkoxy or Ci-Gs-alkyl- 
carbonyl. 

R3 as a heterocyclic group may be, for example, a group having 5 to 11 ring atoms of which 
one, two, three or four, preferably one or two, are hetero atoms selected from nitrogen, oxygen 
or sulfur, such as pyrrolyl, furyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyranyl, pyrazinyl, or a 5-, 6- or 7-membered 
heterocyclic, ring preferably having one or two oxygen or nitrogen ring atoms, fused to a 
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benzene ring, said heterocyclic group being optionally substituted by substituents including 
halogen, Ci-C4-alkyl optionally substituted by Ci-Q-alkoxy, Ci-C4-alkoxy, -S02-Ci-C8-alkyl, 
C3-Cio-cycloalkyl, phenyl, phenyl-Ci-C4-alkyl and C2-C4-alkynyL Preferably a heterocyclic 
group having 5 to 11 ring atoms of which one, two, three or four, preferably one or two, are 
hetero atoms selected from nitrogen, oxygen or sulphur is a heterocyclic group having 5, 6 or 7 
ring atoms of which one, two, three or four, are hetero atoms selected from nitrogen, oxygen 
and sulphiu:. It is especially preferred that the heterocyclic group is thiadiazolyl, pyrazolyl, 
tetrazolyl or isoxazolyl, optionally substituted by one or more of Ci-C4-alkyl, Ci-C4-alkoxy 
and Ca-Cfi-cydoalkyl. 

and together with the nitrogen atom to which they are attached as a heterocyclic group 
may be, for example, a group having a 5- or 6-membered ring of which one, two or three are 
heteroatoms, optionally fused to a benzene ring, such as thiadiazolyl, pyrazolyl, tetrazolyl, 
piperidinyl, piperazinyl, morpholino, or benzopiperidinyl, optionally substituted by one or 
more substituents including Ci-Cg-alkyl, Ci-Cs-alkoxy, Ca-Cio-cycloalkyl and halogen. 

Ri as optionally substituted Ci-Cs-alkyl is preferably optionally substituted Ci-C4-aIkyl, 
especially Ci-C4-alkyl or substituted methyl or ethyl. When R^ is substituted by a cyclic organic 
group, the latter may be a carbocyclic or heterocyclic group, for example a Ca-Cu-carbocyclic 
group or a 5- to 7-membered heterocyclic group having one or more, preferably one, two or 
three, ring hetero atoms selected from nitrogen, oxygen and sulfur. The Ca-Cis-carbocyclic 
group may be, for example, a cycloaliphatic group having 3 to 8 carbon atoms, preferably a 
Cs-Cg-cycloalkyl such as cyclopentyl, methylcyclopentyl or cyclohexyh The Ca-Cu-carbocyclic 
group may alternatively be, for example, a Ce-Cis aromatic group, such as phenyl, which is 
unsubstituted or substituted by Ci-Cs-alkyl, Ci-Cs-alkoxy, halogen, cyano, -CON(R^)R^, 
-S02N(R^)R^ or Ci-Cs-alkylsulfonylamino where R"^ and R^ are as hereinbefore defined. The 
heterocyclic group may have one nitrogen, oxygen or sulfur atom in the ring or it may have 
two nitrogens, or one oxygen and one or two nitrogens, or one sulfur and one or two nitrogens 
in the ring. The heterocyclic group is preferably a heterocyclic aromatic group, especially a 5- 
or 6- membered heterocyclic group such as furyl, imidazolyl, thiazolyl or pyridyl. Preferred 
embodiments include those in which R^ is hydrogen or Ci-C4-alkyl substituted by hydroxy or 
Ci-'C4-alkoxy. 

Throughout this specification and in the claims that follow, unless the context requires 
otherwise, the word "comprise", or variations such as "comprises*' or "comprising", will be 
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understood to imply the inclusion of a stated integer or step or group of integers or steps but 
not the exclusion of any other integer or step or group of integers or steps. 

Preferred compounds of the present invention include those that are 

(i) compounds of formula la in free or salt form, wherein 
Ar is phenyl substituted by halo; 

XI is -S-, .S(=0)- or -S(=0)2-; 
m is 2; 

is Ci-Cg-alkyl optionally substituted by hydroxy or Q-Cs-alkoxy; 
Y is oxygen; 

is hydrogen; and 

R3 is a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms; 
or 

(ii) compounds of formula lb in free or salt form, wherein 
Ar is phenyl substituted by halo; 

X2 is -0-, .C(=0)- or -CHz-; 

m is 1 or 2; 

Q has the formula 

R» 

/ \ 

C— C 

where is Ci-Cs-alkylene, 

or Q is -C(R^)(R^)- where R^ and R« are independently Ci-Cs-alkyl 
or R^ and R^ together form a Cs-Cio-cycloalkyl; 
R^ is hydrogen; and 

R^ is a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms. 

Especially preferred compounds of the present invention include those that are 
(i) compounds of formula la in free or salt form, wherein 

Ar is phenyl substituted by halo, preferably chloro; 

XI is -S(=0)- or -S(=0)2-; 

m is 2; 

R^ is Ci-C4-alkyl optionally substituted by hydroxy or Ci-C4-alkoxy; 

Y is oxygen; 

R^ is hydrogen; and 
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is a heterocyclic group having 5, 6 or 7 ring atoms of which one, two, three or four, 
are hetero atoms selected from nitrogen, oxygen and sulphur, said heterocyclic group 
being optionally substituted by Ci-C4-alky, Ci-C4-alkoxy or Ca-Q-cycloalkyl; or 
(ii) compoimds of formula lb in free or salt form, wherein 
Ar is phenyl substituted by halo, preferably chloro; 

is -O-, -C{=0). or -CH2-; 
m is 1 or 2; 
Q has the formula 

R' 

where is Ci-Cs-alkylene, 

or Q is -C{R»>)(R<^)- where R^ and R« are independently Ci-C4-alkyl 
or R*' and R^ together form a Cs-Cg-cycloalkyl; 
R^ is hydrogen; and 

R3 is a heterocyclic group having 5, 6 or 7 ring atoms of which one, two, three or four, 
are hetero atoms selected from nitrogen, oxygen and sulphur, said heterocyclic group 
being optionally substituted by Ci-C4-alkyl or Ca-Cg-cycloalkyl. 

The compounds represented by formula la or lb are capable of forming acid addition salts, 
particularly pharmaceutically acceptable acid addition salts. Pharmaceutically acceptable acid 
addition salts of the compounds of formula la or lb include those of inorganic acids, for 
example, hydrohalic acids such as hydrofluoric acid, hydrochloric acid, hydrobromic add or 
hydroiodic acid, nitric acid, sulfuric acid, phosphoric acid; and organic acids, for example 
aliphatic monocarboxylic acids such as formic acid, acetic acid, trifluoroacetic acid, propionic 
acid and butyric acid, aliphatic hydroxy acids such as lactic acid, citric acid, tartaric acid or 
malic acid, dicarboxylic acids such as maleic acid or succinic acid, aromatic carboxylic acids 
such as benzoic acid, p-chlorobenzoic acid, diphenylacetic acid or triphenylacetic acid, 
aromatic hydroxy acids such as o-hydroxybenzoic acid, p-hydroxybenzoic acid, 1- 
hydroxynaphthalene-2-carboxylic acid or 3-hydroxynaphthalene-2-carboxylic acid, and 
sulfonic acids such as methanesulf onic acid or benzenesulfonic acid. These salts may be 
prepared from compounds of formula la or lb by known salt-forming procedures. 

Compounds of formula la or lb which contain acidic, e.g. carboxyl, groups, are also capable of 
forming salts with bases, in particular pharmaceutically acceptable bases such as those well 
known in the art; suitable such salts include metal salts, particularly alkali metal or alkaline 
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earth metal salts such as sodium, potassium, magnesium or calcium salts, or salts with 



ethanolamines, benzylamines or pyridine. These salts may be prepared from compounds of 
formula la or lb by known salt-forming procedures. 

When is other than hydrogen, the carbon atom to which is attached in formula la is 
asymmetric, in which case the compounds exist in individual optically active isomeric forms or 
as mixtures.thereof, e.g. as racemic or diastereomeric mixtures. When is -S(=0) , the sulfur 
atom is asymmetric, so again the compounds exist in individual optically active isomeric forms 
or as mixtures thereof, e.g. as racemic or diastereomeric mixtures. In both cases the invention 
embraces both individual optically active R and S isomers as well as mixtures, e.g. racemic or 
diastereomeric mixtures, thereof. 

When Q has the formula 



where R^ is Ci-Cg-alkylene the compounds can exist in individual optically active isomeric 
forms or as mixtures thereof, e.g. as racemic or diastereomeric mixtures. When is -S(=0) , 
the sulfur atom is asymmetric, so again the compounds exist in individual optically active 
isomeric forms or as mixtures thereof, e.g. as racemic or diastereomeric mixtures. In both 
cases the invention embraces both individual optically active R and S isomers as well as 
mixtures, e.g. racemic or diastereomeric mixtures, thereof. 

Specific especially preferred compounds of the invention are those described hereinafter in the 
Examples. 

The invention also provides a process for the preparation of compounds of formulae la or lb 
which comprises 

(i) (A) for the preparation of compounds of formula la where R^ is hydrogen, reacting a 
compound of formula Ha 



ammonia or pharmaceutically acceptable organic amines or heterocyclic bases such as 




Ila 
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or a protected form thereof, where Ar, X*, m and Ri are as hereinbefore defined, with a 
compound of formula m 

Y=C=N— III 
where Y and are as hereinbefore defined; or 

(B) for the preparation of compounds of formula la where Y is oxygen, reacting a 
compound of formula Ha where Ar, m and R^ are as hereinbefore defined, with a 
compound of formula IV 

V ^> O— C— N— R^ IV 

where R^ and R^ are as hereinbefore defined; or 

(C) for the preparation of compounds of formula la where is -S(=:0)2-, oxidising a 
compound of formula la in protected form where X^ is -S- and Ar, m, K\ Y, R^ and R^ 
are hereinbefore defined; 

(D) for the preparation of compounds of formula lb, reacting a compound of formula 

nb 

H 

Ar— X^— <^N-^ lib 

H 

where Ar, X^, m and Q are as hereinbefore defined, with a compound of formula IV 
where R^ and R^ are as hereinbefore defined; 

(E) for the preparation of compounds of formula lb where R^ is hydrogen, reacting a 
compound of formula nb where Ar, X^, m and Q are as hereinbefore defined, with a 
compound of formula V 

0=C=N— R^ V 
where R^ is as hereinbefore defined; or 

(F) for the preparation of compounds of formula lb where X^ is -S(=0)2-, oxidising a 
compound of formula lb in protected form where X^ is -S- and Ar, m, Q, R^ and R^ are 
as hereinbefore defined; and 
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(u) recovering the product in free or salt form. 

Process variant (A) may be effected using known procedures for reaction of amines with 
isocyanates or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniendy carried out in an organic solvent, for example a halohydrocarbon such as 
dichloromethane (DCM) or an ether such as dioxane. The reaction temperature may be e.g. 
from 0 ®C to 100 **C, conveniently ambient temperature. 

Process variant (B) may be effected using known procedures for reaction of amines with 
carbamic acid phenyl esters or analogously e.g. as hereinafter described in the Examples. The 
reaction is conveniently carried out in an organic solvent such as dimethyl sulfoxide (DMSO). 
The reaction temperature may be e.g. from 20 to 100 conveniently ambient temperature. 

Process variant (C) may be effected using known procedures for oxidising sulfanyl groups to 
form sulfonyl groups or analogously e.g. as hereinafter described in the Examples. The 
oxidising agent used is preferably a perbenzoic acid, especially meta chloro-per-benzoic acid. 
The reaction is conveniently carried out in an organic solvent such as dichloromethane (DCM). 
The reaction temperature may be e.g. from 5 to 25 ^^C, preferably about 15 **C. 

Process variant (D) may be effected using known procedures for reaction of amines with 
carbamic acid phenyl esters or analogously e.g. as hereinafter described in the Examples. The 
reaction is conveniently carried out in an organic solvent such as dimethyl sulfoxide (DMSO). 
The reaction temperature may be e.g. from 20 to 100 **C, conveniently ambient temperature. 

Process variant (E) may be effected using known procedures for reaction of amines with 
isocyanates or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniendy carried out in an organic solvent, for example a halohydrocarbon such as 
dichloromethane (DCM) or an ether such as dioxane. The reaction temperature may be e.g. 
from 0 oC to 100 **C, conveniently ambient temperature. 

Process variant (F) may be effected using known procedures for oxidising sulfanyl groups to 
form sulfonyl groups or analogously e.g. as hereinafter described in the Examples. The 
oxidising agent used is preferably a perbenzoic acid, especially meta chloro-per-benzoic acid. 
The reaction is conveniendy carried out in an organic solvent such as dichloromethane (DCM). 
The reaction temperature may be e.g. from 5 to 25 *C, preferably about 15 **C. 
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Compounds of formula Ha may be prepared by reacting a compound of formula VI 

Ar— — <; ^NH VI 



where Ar and are as hereinbefore defined, with a compound of formula Vn 

H H 

«9 



VII 

H H 

where L is a halogen, preferably bromine or iodo, and Ri and m are as hereinbefore defined, 
with the proviso that when contains a reactive functional group such as a hydroxy group, 
the reactive group may be in protected form, for example a hydroxy group protected as a tert- 
butoxy group, and R^ is hydrogen or an amine-protective group, for example a tert-butoxy- 
carbonyl group, and, where R^ is a protective group, replacing R^ in the product by hydrogen, 
and, where R^ in the product contains a protected functional group, replacing the protecting 
group with hydrogen, or analogously e.g. as hereinafter described in the Examples. When R^ is 
hydrogen, reaaion between a compound of formula Vn and a salt of a compound of formula 
VI may be effected by the procedures described in US patent US 4559349. When is a 
protective group, reaction between compounds of formulae VI and Vn may be effected using 
known methods, for example in the presence of a tertiary organic base such as triethylamine or 
l,8-diaza-bicyclo-[5.4.0]undec-7-ene (DBU), conveniently in an inert organic solvent, for 
example a polar solvent such as dimethylformamide, the reaction temperature suitably being 
from 0 to 40''C, preferably ambient temperature. Replacement of a protective group R^ by 
hydrogen may be effected using known procedures; for example, where R^ is tert-butoxy- 
carbonyl, by treatment with a carboxylic add such as trifluoroacetic acid. Replacement of a 
protecting group in Ri may be affected using known procedures, for example, when Ri 
contains a hydroxy group protected as an ether group, such as tert-butoxy, by treatment with 
HBr in a carboxylic acid such as acetic acid; when R^ is a protective group, this treatment also 
replaces R^ by hydrogen. 

Compounds of formula lib where is -O- or -CHz- may be prepared by reacting a compound 
of formula VIE 

Ar— XS— <(^NH VIII 
where Ar and are as hereinbefore defined, with a compound of formula DC 



wo 2005/026113 



13 



PCT/EP2004/010260 



HO— C— (-(jJ-j^Q— N— IX 
H H 

where Q are as hereinbefore defined, n is 0, 1, 2 or 3 and is hydrogen or an amine- 
protective group, for example a tert-butoxycarbonyl group, and reducing the resulting 
compound to convert the carbonyl group to -C(H)-, where is a protective group, replacing 

in the product by hydrogen, or analogously e.g. as hereinafter described in the Examples. 
When R^ is hydrogen, reaction between a compound of formula DC and a salt of a compound 
of formula Vm may be effected by the procedures described in US patent 4559349. When R^ 
is a protective group, reaction between compounds of formulae Vm and DC may be effected 
using known methods, for example in the presence of a tertiary organic base such as 
triethylamine or l,8-dia2a-bicyclo[5,4.0]undec-7-ene (DBU), conveniently in an inert organic 
solvent, for example a polar solvent such as dimethyl-formamide, the reaction temperature 
suitably being from 0 to 40*^0, preferably ambient temperature. The reduction can be carried 
out using a reducing agent such as LiAlHU in an organic solvent such as tetrahydrof uran 
(THF). Replacement of a protective group R^ by hydrogen may be effected using known 
procedures; for example, where R^ is tert-butoxy-carbonyl, by treatment with a carboxylic acid 
such as trifluoroacetic acid. Replacement of a protecting group in Ri may be affected using 
known procedures, for example, when R^ contains a hydroxy group protected as an ether 
group, such as tert-butoxy, by treatment with HBr in a carboxylic acid such as acetic acid; 
when R^ is a protective group, this treatment also replaces R^ by hydrogen. 

Compounds of formula lib where is -C(=0)-, -S-, -S(=0)- or -S(=0)2- may be prepared by 
reacting a compound of formula Vm, where Ar and X? are as hereinbefore defined, with a 
compound of formula X 

hi 

L_L-c_A_Q_N— X 
\ I /m 

H H 

where L is a halogen, preferably bromine or iodo, m and Q are as hereinbefore defined, and 
R^ is hydrogen or an amine-protective group, for example a tert-butoxycarbonyl group, and, 
where R^ is a protective group, replacing R^ in the product by hydrogen, or analogously e.g. as 
hereinafter described in the Examples. When R^ is hydrogen, reaction between a compound of 
formula X and a salt of a compound of formula VIII may be effected by the procedures 
described in US patent 4559349. When R^ is a protective group, reaction between compounds 
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of formulae VIII and X may be effected using known methods, for example in the presence of a 
tertiary organic base such as triethylamine or l,8-dia2abicyclo-[5.4.0]-undec-7-ene (DBU), 
conveniendy in an inert organic solvent, for example a polar solvent such as 
dimethylformamide, the reaction temperature suitably being from 0 to 40**C, preferably 
ambient temperature. Replacement of a protective group by hydrogen may be effected 
using known procedures; for example, where R^ is tert-butoxy-carbonyl, by treatment with a 
carboxylic acid such as trifluoroacetic acid. Replacement of a protecting group in may be 
affected using known procedures, for example, when R^ contains a hydroxy group protected as 
an ether group, such as tert-butoxy, by treatment with HBr in a carboxylic acid such as acetic 
acid; when R^ is a protective group, this treatment also replaces R^ by hydrogen. 

Compounds of formula m are commercially available or may be prepared by known methods. 

Compounds of formula IV or V are known or may be prepared by known procedures or 
analogously e.g. as hereinafter described in the Examples. 

Compounds of formula VI where is -S- may be prepared by reacting a compound of 
formula XI 



in the presence of sodium hydride where R^® is a protecting group, and replacing R^** in the 
product by hydrogen, or analogously e.g. as hereinafter described in the Examples. The 
reaction may be carried out in an inert organic solvent such as dimethylformamide (DMF). 
Suitable reaction temperatures may be from lO^'C to 150**C, conveniently from 50 to TC^C. 
The replacement of R^*> by hydrogen may be effected using known procedures or analogously 
e.g. as hereinafter described in the Examples. 

Compounds of formula VI where X^ is -S(=0)- may be prepared by reacting the corresponding 
aryl-sulfanyl-azetidine, preferably a protected form thereof, with an oxidising agent such as a 
per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniendy carried out in an organic solvent such as dichloromethane (DCM). The reaction 
temperature may be e.g. from 5 to 25 ^'C, preferably about 15 **C. 



Ar — SH 



where Ar is as hereinbefore defined, with a compound of formula XII 
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Compounds of formula VI where is -S(=0)2- may be prepared by reacting the corresponding 
aryl-sulf anyl-azetidine, preferably a protected form thereof, with an oxidising agent such as a 
per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniently carried out in an organic solvent such as dichloromethane (DCM), The reaction 
temperature may be e.g. from 5 to 25 *C, preferably about 15 **C. 

Compounds of formula VII are known or may be prepared by known procedures or 
analogously e.g. as hereinafter described in the Examples. 

Compounds of formula VIII where is -C(=0)- may be prepared by reacting a compound of 
formula Xm or XIV 

O 

>11 




H3C— 0-ljJ— 0 C ^N— R^^ XIII 



CH3 



N=C r'^ XIV 



with a compound of formula XV 

Ar=MgBr XV 
where Ar and R^^ are as hereinbefore defined, and replacing R^^ in the product by hydrogen, or 
analogously e.g. as hereinafter described in the Examples. Reaction of compounds of formulae 
Xni/XIV and XV may be effected in an inert organic solvent, e.g. an ether such as THF and/or 
diethyl ether; suitable reaction temperatures may be from -10°C to 10**C, conveniently from -5 
to 5°C. Replacement of R^^ in the product by hydrogen may be effected using known 
procedures or analogously e.g. as hereinafter described in the Examples. 

Compounds of formiila VIBE where X^ is -O- may be prepared by reacting a compound of 
formula XVI 

O 

H3C— S— O <^N— r'^ XVI 

O 

with a compound of formula Ar-OH in the presence of sodium hydride, where Ar is as 
hereinbefore defined and R^^ is a protecting group, and replacing R^^ in the product by 
hydrogen, or analogously e.g. as hereinafter described in the Examples. The reaction may be 
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carried out in an inert organic solvent such as DMF. Suitable reaction temperatures may be 
from 20°C to 150**C, conveniently from 50 to 70*'C. The replacement of by hydrogen may 
be effected using known procedures or analogously e.g. as hereinafter described in the 
Examples. 

Compounds of formula VIII where is -CH2- are novel and may be prepared by reduction of 
compounds of formula Vm where is -C(=0) for example using known reduction 
procedures or analogously e.g. as hereinafter described in the Examples. This preferably 
involves of reduction to the corresponding alcohol, conversion to the iodine and then 
reduction. 



Compounds of formula VIH where X^ is -S- may be prepared by reacting a compound of 
formula XVn 

Ar — SH XVII 

where Ar is as hereinbefore defined, with a compound of formula XVUI 

O 

H3G— S— O <^N— r'^ XVIII 

o 

in the presence of sodium hydride where R^^ is a protecting group, and replacing in the 
product by hydrogen, or analogously e.g. as hereinafter described in the Examples. The 
reaction may be carried out in an inert organic solvent such as dimethylformamide (DMF). 
Suitable reaction temperatures may be from ZO^C to ISO^'C, conveniently from 50 to 70**C. 
The replacement of R^^ by hydrogen may be effected using known procedures or analogously 
e.g. as hereinafter described in the Examples. 

Compounds of formula Vm where X^ is -S{=0)- may be prepared by reacting the 
corresponding aryl-sulfanyl-azetidine, preferably a protected form thereof, with an oxidising 
agent such as a per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. 
The reaction is conveniently carried out in an organic solvent such as dichloromethane (DCM), 
The reaction temperature may be e.g. from 5 to 25 ''C, preferably about 15 ''C. 

Compounds of formula Vm where X^ is -S{=0)2- may be prepared by reacting the 
corresponding aryl-sulfanyl-azetidine, preferably a protected form thereof, with an oxidising 
agent such as a per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. 
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The reaction is conveniently carried out in an organic solvent such as dichloromethane (DCM). 
The reaction temperature may be e.g. from 5 to 25 "^C, preferably about 15 °C. 

Compounds of formulae IX , X, XI or XII are known or may be prepared by known 
procedures or analogously e.g. as hereinafter described in the Examples. 

Compounds of formula Xm may be prepared by reacting a compound of formula XIX 



where R^^ is as hereinbefore defined, with 0,N-dimethylhydroxylamine hydrochloride in the 
presence of a peptide coupling agent such as di-imidazol-l-yl-methanone, conveniently in an 
inert organic solvent such as THF, suitably at reflux temperature, or analogously e.g. as 
hereinafter described in the Examples. 

Compounds of formula XIV, XV, XVI, XVII, XVm or XDC are known or may be prepared by 
known procedures or analogously e.g. as hereinafter described in the Examples. 

Where reference is made herein to protected functional groups or to protecting groups, the 
protecting groups may be chosen in accordance with the nature of the functional group, for 
example as described in Protective Groups in Organic Synthesis, T. W. Greene, P.G.M. Wuts, 
John Wiley &: Sons Inc, Third Edition, 1999, which reference also describes procedures 
suitable for replacement of the protecting groups by hydrogen. 

Compounds of formula la or lb in free form may be converted into salt form, and vice versa, in 
a conventional manner. The compounds in free or salt form can be obtained in the form of 
hydrates or solvates containing a solvent used for crystallization. Compounds of formula la or 
lb can be recovered from reaction mixtures and purified in a conventional manner. Isomers, 
such as enantiomers, may be obtained in a conventional manner, e.g. by fractional 
crystallization or asymmetric synthesis from correspondingly asymmetrically substituted, e.g. 
optically active, starting materials. 

Compounds of formula la or lb in free or pharmaceutically acceptable salt form, hereinafter 
referred to alternatively as agents of the invention, are useful as pharmaceuticals. Accordingly 



O 




XIX 
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the invention also provides a compound of formula la or lb in free or pharmaceutically 
acceptable salt form for use as a pharmaceutical. The agents of the invention act as CCR-3 
receptor antagonists, thereby inhibiting the infiltration and activation of inflanunatory cells, 
particularly eosinophils, and inhibiting allergic response. The inhibitory properties of agents of 
the invention can be demonstrated in the following assay: 

In this assay the effect of agents of the invention on the binding of human eotaxin to human 
CCR-3 is determined. Recombinant cells expressing human CCR-3 are captured by wheatgerm 
agglutinin (WGA) polyvinyltoluidene (PVT) SPA beads (avaUable from Amersham), through a 
specific interaction between the WGA and carbohydrate residues of glycoproteins on the 
surface of the cells, [^^-human eotaxin (available from Amersham) binds specifically to CCR- 
3 receptors bringing the [^-human eotaxin in close proximity to the SPA beads. Emitted a- 
particles from the [^^]-human eotaxin excite, by its proximity, the fluorophore in the beads 
and produce light. Free [^^-human eotaxin in solution is not in close proximity to the 
scintillant and hence does not produce light. The scintillation count is therefore a measure of 
the extent to which the test compound inhibits binding of the eotaxin to the CCR-3. 

Preparation of Assay Buffer: 5.96 g HEPES and 7.0 g sodium chloride are dissolved ui distilled 
water and IM aqueous CaCb (1 ml) and IM aqueous MgCh (5 ml) are added. The pH is 
adjusted to 7.6 with NaOH and the solution made to a final volume of 1 L using distilled 
water. 5 g bovine serum albumin and 0.1 g sodium azide are then dissolved in the solution and 
the resulting buffer stored at 4°C. A Complete™ protease inhibitor cocktail tablet (available 
from Boehringer) is added per 50 ml of the buffer on the day of use. 

Preparation of Homogenisation Buffer: Tris-base (2.42 g) is dissolved in distilled water, the pH 
of the solution is adjusted to 7.6 with hydrochloric acid and the solution is diluted with 
distilled water to a final volume of 1 1. The resulting buffer is stored at 4oC. A Complete™ 
protease inhibitor cocktail tablet is added per 50 ml of the buffer on the day of use. 

Preparation of membranes: Confluent rat basophil leukaemia (RBL-2H3) cells stably 
expressing CCR3 are removed from tissue culture flasks using enzyme-free cell dissociation 
buffer and resuspended in phosphate-buffered saline. The cells are centrifuged (800 g, 5 
minutes), the pellet resuspended in ice-cold homogenisation buffer using 1 ml homogenisation 
buffer per gram of cells and incubated on ice for 30 minutes. The cells are homogenised on ice 
with 10 strokes in a glass mortar and pestle. The homogenate is centrifuged (800 g, 5 minutes, 
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40C), the supernatant further centrifuged (48,000 g, 30 minutes, 4oC) and the pellet redissolved 
in Homogenisation Buffer contaming 10% (v/v) glycerol. The protein content of the membrane 
preparation is estimated by the method of Bradford (Anal, Biochem. (1976) 72:248) and 
aliquots are snap frozen and stored at -80°C. 

The assay is performed in a final volume of 250 \xl per well of an Optiplate™ microplate (ex 
Canberra Packard). To selected wells of the microplate are added 50 jil of solutions of a test 
compoimd in Assay Buffer containing 5 % DMSO (concentrations from 0.01 nM to 10 (iM). 
To determine total binding, 50 ^1 of the Assay Buffer containing 5 % DMSO is added to other 
selected wells. To determine non-specific binding, 50 jd of 100 nM human eotaxin (ex R8cD 
Systems) in Assay Buffer containmg 5 % DMSO is added to further selected wells. To all wells 
are added 50 jjd [^^-Human eotaxin (ex Amersham) in Assay Buffer containing 5 % DMSO 
at a concentration of 250 pM (to give a final concentration of 50 pM per well), 50 of WGA- 
PVT SPA beads in Assay Buffer (to give a final concentration of 1.0 mg beads per well) and 
100 \d of the membrane preparation at a concentration of 100 fig protein in Assay Buffer (to 
give a final concentration of 10 iig protein per well). The plate is then incubated for 4 hours at 
room temperature. The plate is sealed using TopSeal-S*™ sealing tape (ex Canberra Packard) 
according to the manufacturer's instructions. The resulting scintillations are counted using a 
Canberra Packard TopCount™ scintillation counter, each well being counted for 1 minute. 
The concentration of test compound at which 50% inhibition occurs (ICjo) is determined from 
concentration-inhibition curves in a conventional manner. 

The compounds of the Examples hereinbelow generally have IC50 values below 1 ^iM in the 
above assay. For instance, the compounds of Examples 1, 19, 25, 31, 73, 94 and 131 have IC50 
values of 0.278, 0.002, 0.820, 0.117, 0.136, 0.124 and 0.096 nM respectively. 

Most of the compounds of the Examples exhibit selectivity for inhibition of CCR-3 binding 
relative to inhibition of binding of the alpha-1 adrenergic receptor. Some of the compounds e.g. 
those of Example 19 and 31, are also histamine HI antagonists. 

The inhibitory properties of agents of the invention on binding of the alpha-1 adrenergic 
receptor can be determined in the following assay: 

Cerebral cortices from male Sprague-Dawley rats (175-200 g) are dissected and homogenised 
in 10 volumes of ice cold 0.32 M sucrose (containing 1 mM MgClz dihydrate and ImM 
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K2HPO4) with a glass/Teflon homogeniser. The membranes are centrifuged at lOOO x g for 15 
miN, the pellet discarded and the centrifugation repeated. The supernatants are pooled and 
centrifuged at 18,000 x g for 15 minutes. The pellet is osmotically shocked in 10 volumes of 
water and kept on ice for 30 minutes. The suspension is centrifuged at 39,000 x g for 20 
minutes, resuspended in Krebs-Henseleit buffer pH 7.4 (1.17 mM MgS04 anhydrous, 4.69 mM 
KCl, 0.7 mM K2HPO4 anhydrous, 0.11 M NaCl, 11 mM D-glucose and 25 mM NaHCOs) 
containing 20 mM Tris, and kept for 2 days at -20''C. The membranes are then thawed at 20- 
23''C, washed three times with Krebs-Henseleit buffer by centrifu^tion at 18,000 x g for 15 
minutes, left overnight at 4»C and washed again three times. The final peUet is resuspended 
with a gJass/Teflon homogeniser in 125 ml/lOO membranes in the same buffer. A sample is 
taken to determine the protein concentration (using the Bradford Assay with gamma globulin 
as the standard) and the remainder aliquoted and stored at -80**C. 

The resulting manbranes are subjerted to a radioligand binding assay. The assay is conducted 
in tripUcate using 96 well plates containing pq]-HEAT (Amersham) (40 pM, Ka: 58,9 ± 18.7 
pM), unlabelled test compound and membrane (57.1 ng/xnl) to yield a final volume of 250 nl 
(assay buffer containing 50 mM Tris-base and 0.9% (w/v) NaCl, pH 7.4). The plates are 
incubated at 37»C for 60 minutes, after which rapid vacuum filtration over Whatman™ GF/C 
96 well filter plates is carried out. Each plate is then washed three times with 10ml of ice cold 
assay buffer using a Brandel Cell harvester (Gaithersburg, MD). Following drying of the plates 
for 3 h. at 50°C, 40 ^1 of Microscint 20 is added to each well, the plates incubated at room 
temperature for a further 20 minutes and the retained radioactivity quantified in a Packard 
TopCount NXTTM scintillation counter. 

Stock solutions of test compounds are dissolved initially in 100 % DMSO and diluted with 
assay buffer to the required concentrations to yield 1 % (v/v) DMSO. The concentration of 
test compound at which 50% inhibition occurs (ICjo) is determined from concentration- 
inhibition curves in a conventional manner. 

Having regard to their inhibition of binding of CCR-3, agents of the invention are useful in the 
treatment of conditions mediated by CCR-3, particularly inflammatory or allergic conditions. 
Treatment in accordance with the invention may be symptomatic or prophylactic. 

Accordingly, agents of the invention are useful in the treatment of inflammatory or obstructive 
airways diseases, resulting, for example, in reduction of tissue damage, bronchial hyper- 
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reactivity, remodelling or disease progression. Inflammatory or obstructive airways diseases to 
which the present invention is applicable include asthma of whatever type or genesis including 
both intrinsic (non-allergic) asthma and extrinsic (allergic) asthma, mild asthma, moderate 
asthma, severe asthma, bronchitic asthma, exercise-induced asthma, occupational asthma and 
asthma induced following bacterial or viral infection. Treatment of asthma is also to be 
understood as embracing treatment of subjects, e.g. of less than 4 or 5 years of age, exhibiting 
wheezing symptoms and diagnosed or diagnosable as "wheezy infants**, an established patient 
category of major medical concern and now often identified as incipient or early-phase 
asthmatics. (For convenience this particular asthmatic condition is referred to as "wheezy- 
infant syndrome*'.) 

Prophylactic efficacy in the treatment of asthma will be evidenced by reduced frequency or 
severity of symptomatic attack, e.g. of acute asthmatic or bronchoconstrictor attack, 
improvement in lung function or improved airways hyperreactivity. It may further be evidenced 
by reduced requirement for other, symptomatic therapy, i.e. therapy for or intended to restrict 
or abort symptomatic attack when it occurs, for example anti-inflammatory (e.g. cortico- 
steroid) or bronchodilatory. Prophylactic benefit in asthma may in particular be apparent in 
subjects prone to "morning dipping**. "Morning dipping'* is a recognised asthmatic syndrome, 
common to a substantial percentage of asthmatics and characterised by asthma attack, e.g. 
between the hours of about 4 to 6 am, i.e. at a time normally substantially distant form any 
previously administered symptomatic asthma therapy. 

Other inflammatory or obstructive airways diseases and conditions to which the present 
invention is applicable include acute limg injury (ALI), acute/adult respiratory distress 
syndrome (ARDS), chronic obstructive pulmonary, airways or lung disease (COPD, CO AD or 
COLD), including chronic bronchitis or dyspnea associated therewith, emphysema, as well as 
exacerbation of airways hyperreactivity consequent to other drug therapy, in particular other 
inhaled drug therapy. The invention is also applicable to the treatment of bronchitis of 
whatever type or genesis including, e.g., acute, arachidic, catarrhal, croupus, chronic or 
phthinoid bronchitis. Further inflammatory or obstructive airways diseases to which the 
present invention is applicable include pneumoconiosis (an inflammatory, commonly 
occupational, disease of the lungs, frequently accompanied by airways obstruction, whether 
chronic or acute, and occasioned by repeated inhalation of dusts) of whatever type or genesis, 
including, for example, aluminosis, anthracosis, asbestosis, chalicosis, ptilosis, siderosis, 
silicosis, tabacosis and byssinosis. 
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Having regard to their anti-inflammatory activity, in particular in relation to inhibition of 
eosinophil activation, agents of the invention are also useful in the treatment of eosinophil 
related disorders, e.g. eosinophilia, in particular eosinophil related disorders of the airways 
(e.g. involving morbid eosinophilic infiltration of pulmonary tissues) including hyper- 
eosinophilia as it effects the airways and/or lungs as well as, for example, eosinophil-related 
disorders of the airways consequential or concomitant to L6ffler*s syndrome, eosinophiUc 
pneumonia, parasitic (in particular metazoan) infestation (including tropical eosinophilia), 
bronchopulmonary aspergillosis, polyarteritis nodosa (including Churg-Strauss syndrome), 
eosinophilic granuloma and eosinophil-related disorders affecting the airways occasioned by 
drug-reaction. 

Agents of the invention are also useful in the treatment of inflammatory or allergic conditions 
of the skin, for example psoriasis, contact dermatitis, atopic dermatitis, alopecia areata, 
erythema multiforma, dermatitis herpetiformis, scleroderma, vitiligo, hypersensitivity angiitis, 
urticaria, bullous pemphigoid, lupus erythematosus, pemphisus, epidermolysis bullosa 
acquisita, and other inflammatory or allergic conditions of the skin. 

Agents of the invention may also be used for the treatment of other diseases or conditions, in 
particular diseases or conditions having an inflammatory component, for example, treatment 
of diseases and conditions of the eye such as conjunctivitis, keratoconjunctivitis sicca, and 
vernal conjunctivitis, diseases affecting the nose including allergic rhinitis, e.g. atrophic, 
chronic, or seasonal rhinitis, inflammatory conditions of the gastrointestinal tract, for example 
inflammatory bowel disease such as ulcerative colitis and Crohn's disease, diseases of the bone 
^nd joints including rheumatoid arthritis, psoriatic arthritis, ankylosmg spondylitis and 
systemic sclerosis, and other diseases such as cyctic fibrosis, pulmonary hypertension, 
atherosclerosis, multiple sclerosis, diabetes (type I), myasthenia gravis, hyper IgE syndrome and 
acute and chronic allograft rejection, e.g. following transplantation of heart, kidney, liver, lung 
or bone marrow. 

The effectiveness of an agent of the invention in inhibiting inflammatory conditions, for 
example in inflammatory airways diseases, may be demonstrated in an animal model, e.g. a 
mouse or rat model, of airways inflammation or other inflammatory conditions, for example as 
described by Szarka et al,/. Immunol. Methods (1997) 202:49-57; Renzi et al. Am. Rev. 
Respir. Dis. (1993) 148:932-939; Tsuyuki etal.,/. Clin. Invest. (1995) 96:2924-2931; and 
Cernadas et al (1999) Am. /. Respir. Cell MoL Biol. 20:1-8. 
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The agents of the invention are also useful as co-therapeutic agents for use in combination with 
other drug substances such as anti-inflammatory, bronchodilatory, antihistamine or anti- 
tussive drug substances, particularly in the treatment of obstructive or inflammatory airways 
diseases such as those mentioned hereinbefore, for example as potentiators of therapeutic 
activity of such drugs or as a means of reducing required dosaging or potential side effects of 
such drugs. An agent of the invention may be mixed with the other drug substance in a fixed 
pharmaceutical composition or it may be administered separately, before, sunultaneously with 
or after the other drug substance. 

Such anti-inflammatory drugs include steroids, in particular gluco-corticosteroids such as 
budesonide, beclamethasone, fluticasone, cidesonide or mometasone, or steroids described in 
WO 02/88167, WO 02/12266, WO 02/100879, WO 04/039827 or WO 02/00679, especiaUy 
those of Examples 3, 11, 14, 17, 19, 26, 34, 37, 39, 51, 60, 67, 72, 73, 90, 99 and 101; LTB4 
antagonists such as those described in US 5451700, also LY293111, CGS025019C, CP- 
195543. SC-53228, BEL 284, ONO 4057 and SB 209247; LTD4 antagonists such as 
montelukast and zafirlukast; Dopamine receptor agonists such as cabergoline, bromocriptine, 

ropiniroleand4-hydroxy-7-[2-[[2-[[3-(2-phenylethoxy)propyl]sulfonyl]ethyl]-amino]ethyl]- 
2(3H)-ben20thia2olone and pharmaceutically acceptable salts thereof (the hydrochloride being 
Viozan® - AstraZeneca); PDE4 inhibitors such as cUomilast (Ariflo® GSK), Roflmmlast (Byk 
Gulden),V-11294A (Napp), BAY19-8004 (Bayer), SCH-351591 (Schering-Plough), ArofyUine 
(AhniraU Prodesfarma), PD189659 / PD168787 (Parke-Davis), AWD-12-281 (Asta Medica), 
CDC-SOl (Celgene), SelCEDCIM) CC-10004 (Celgene), VM554AJM565 (Vernalis), T-440 
(Tanabe), KW-4490 (Kyowa Hakko Kogyo), WO 92/19594, WO 93/19749, WO 93/19750, 
WO 93/19751, WO 99/16766, WO 01/13953, WO 03/104204, WO 03/104205, WO 
04/000814, WO 04/000839 and WO 04/005258, WO 04018450, WO 04/018451, WO 
04/018457, WO 04/018465, WO 04/018431, WO 04/018449, WO 04/018450, WO 
04/018451, WO 04/018457, WO 04/018465, WO 04/019944, WO 04/019945 and WO 
04/045607, WO 04/037805 as weU as those described in WO 98/18796 and WO 03/39544; 
A2a agonists sudi as those described in EP 409595A2, EP 1052264, EP 1241176, WO 
94/17090, WO 96/02543, WO 96/02553, WO 98/28319, WO 99/24449, WO 99/24450, WO 
99/24451, WO 99/38877, WO 99/41267, WO 99/67263, WO 99/67264, WO 99/67265, WO 
99/67266, WO 00/23457, WO 00/77018, WO 00/78774, WO 01/23399, WO 01/27130, 
WO 01/27131, WO 01/60835, WO 01/94368, WO 02/00676, WO 02/22630, WO 02/96462, 
WO 03/086408, WO 04/039762, WO 04/039766, WO 04/045618, WO 04/046083; and A2b 
antagonists such as those described in WO 02/42298. 
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Such bronchodilatory drugs include anticholinergic or antimuscarinic agents, in particular 
ipratropium bromide, oxitropium bromide, tiotropium bromide, CHF 4226 (Chiesi) and 
glycopyrrolate, but also those described in WO 01/04118, WO 02/51841, WO 02/53564, WO 
03/00840, WO 03/87094, WO 04/05285, WO 02/00652, WO 03/53966, EP 424021, US 
5171744, US 3714357, US 5171744, WO 03/33495 and WO 04/018422; and beta (p)-2- 
adrenoceptor agonists such as albuterol (salbutamol), metaproterenol, terbutaline, salmeterol, 
fenoterol, procaterol, and especially, formoterol and pharmaceutically acceptable salts thereof, 
and compounds (in free or salt or solvate form) of formula (I) of WO 00/75114, which 
document is incorporated herein by reference, preferably compounds of the Examples thereof, 
especially a compound of formula 



O 




OH 



and pharmaceutically acceptable salts thereof, as well as compounds (in free or salt or solvate 
form) of formula (I) of WO 04/16601. Further suitable (i -2-adrenoreceptor agonists include 
compounds such as those described in JP 05025045, US 2002/0055651, WO 93/18007, WO 
99/64035, WO 01/42193, WO 01/83462, WO 02/066422, WO 02/070490, WO 02/076933, 
WO 03/24439, WO 03/72539, WO 03/42160, WO 03/91204, WO 03/42164, WO 03/99764, 
WO 04/11416, WO 04/16578, WO 04/22547, WO 04/32921, WO 04/33412, WO 04/37773, 
WO 04/37807, WO 04/39762, WO 04/39766, WO 04/45618 and WO 04/46083, 

Such co-therapeutic antihistamine drug substances include cetirizine hydrochloride, acetamino- 
phen, clemastine fumarate, promethazine, loratidine, desloratidine, diphenhydramine and 
fexofenadine hydrochloride, activastine, astemizole, azelastine, ebastine, epinastine, 
mizolastine and tefenadine as well as those disclosed in JP 2004107299, WO 03/99807 and 
WO 04/26841. 

Combinations of agents of the invention and one or more steroids, beta-2 agonists, PDE4 
inhibitors or LTD4 antagonists may be used, for example, in the treatment of COPD or, 
particularly, asthma. Combinations of agents of the invention and anticholinergic or 
antimuscarinic agents, PDE4 inhibitors, dopamine receptor agonists or LTB4 antagonists may 
be used, for example, in the treatment of asthma or, particularly, COPD. 
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Other useful combinations of agents of the invention with anti-inflammatory drugs are those 
with other antagonists of chemokine receptors, e.g. CCR-1, CCR-2, CCR-4, CCR-5, CCR-6, 
CCR-7, CCR.8, CCR-9 and CCRIO, CXCRl, CXCR2, CXCR3, CXCR4, CXCR5, 
particularly CCR-5 antagonists such as Schering-Plough antagonists SC-351125, SCH-55700 
and SCH-D, Takeda antagonists such as N-[[4-[[[6,7-dihydro-2-(4-methylphenyl)-5H-benzo- 
cyclohepten-8-yl]carbonyl]amino]phenyl]-methyl]tetrahydro-N,N-dimethyl-2H-pyr^ 
aminium chloride (TAK-770), CCR-5 antagonists described in US 6166037 (particularly claims 
18 and 19), WO 00/66558 (particularly claim 8), and WO 00/66559 (particularly claim 9), 
WO 04/018425 and WO 04/026873. 

In accordance with the foregoing, the invention also provides a method for the treatment of a 
condition mediated by CCR-3, for example an inflammatory or allergic condition, particularly 
an inflanmiatory or obstructive airways disease, which comprises administering to a subject, 
particularly a human subject, in need thereof an effective amount of a compound of formula la 
or lb in a free or pharmaceutically acceptable salt form as hereinbefore described. In another 
aspect the invention provides the use of a compound of formula la or lb, in free or 
pharmaceutically acceptable salt form, as hereinbefore described for the manufacture of a 
medicament for the treatment of a condition mediated by CCR-3, e.g. an inflammatory or 
allergic condition, particularly an inflammatory or obstructive airways disease. 

The agents of the invention may be administered by any appropriate route, e.g. orally, for 
example in the form of a tablet or capsule; parenterally, for example intravenously; by 
inhalation, for example in the treatment of inflammatory or obstructive airways disease; 
intranasally, for example in the treatment of allergic rhinitis; topically to the skin, e.g. in the 
treatment of atopic dermatitis; or rectally, e.g. in the treatment of inflammatory bowel disease. 

In a further aspect, the invention also provides a pharmaceutical composition comprising as 
active ingredient a compound of formula la or lb in free or pharmaceutically acceptable salt 
form, optionally together with a pharmaceutically acceptable diluent or carrier therefor. The 
composition may contain a co-therapeutic agent such as an anti-inflammatory bronchodilatory 
or antihistamine drug as hereinbefore described. Such compositions may be prepared using 
conventional diluents or excipients and techniques known in the galenic art. Thus oral dosage 
forms may include tablets and capsules. Formulations for topical administration may take the 
form of creams, ointments, gels or transdermal delivery systems, e.g. patches. Compositions 
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for inhalation may comprise aerosol or other atomizable formulations or dry powder 
formulations. 

When the composition comprises an aerosol formulation, it preferably contains, for example, a 
hydro-fluoro-alkane (HFA) propellant such as HFA134a or HFA227 or a mixture of these, and 
may contain one or more co-solvents known in the art such as ethanol (up to 20% by weight), 
and/or one or more surfactants such as oleic acid or sorbitan trioleate, and/or one or more 
bulking agents such as lactose. When the composition comprises a dry powder formulation, it 
preferably contains, for example, the compound of formula la or lb having a particle diameter 
up to 10 microns, optionally together with a diluent or carrier, such as lactose, of the desired 
particle size distribution and a compound that helps to protect against product performance 
deterioration due to moisture e.g. magnesium stearate. When the composition comprises a 
nebulised formulation, it preferably contains, for example, the compound of formula la or lb 
either dissolved, or suspended, in a vehicle containing water, a co-solvent such as ethanol or 
propylene glycol and a stabiliser, which may be a surfactant. 

The invention includes (A) an agent of the invention in inhalable form, e.g. in an aerosol or 
other atomisable composition or in inhalable particulate, e.g. micronised form, (B) an inhalable 
medicament comprising an agent of the invention in inhalable form; (C) a pharmaceutical 
product comprising such an agent of the invention in inhalable form in association with an 
inhalation device; and (D) an inhalation device containing an agent of the invention in 
inhalable form. 

Dosages of agents of the invention employed in practising the present invention will of course 
vary depending, for example, on the particular condition to be treated, the effect desired and 
the mode of administration. In general, suitable daily dosages for administration by inhalation 
are of the order of 0.01 to 30 mg/kg while for oral administration suitable daily doses are of 
the order of 0.01 to 100 mg/kg. 

The invention is illustrated by the following Examples. 
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EXAMPLES 



Compounds of fonnula la that are also fonnula XX 




XX 



where Ar, and are as shown in Table 1 below, the methods of preparation being 
described hereinafter. The table also shows characterising mass spectrometry data. The 
compounds are all in free form. 
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Preparation of Intermediates 

[(S)-l-(tert-butyl"diphenyl"Silanyloxymethvl)"3>iodo-propyll-carba rnic ac\d tert-butvl ester; 

(a) (SV3-tert-Butoxycarbonylamino-4-(tert"butvl'diphenyl-silanyloxy)>butvric acid benzvl ester 
A solution of (S)-3-tert-butoxycarbonylan[iino-4-hydroxy-butyric acid benzyl ester (1.34 g, 4.37 
mmol) (prepared using the method of Rodriguez, Marc; Linares, Muriel; Doulut, Sylvie; Heitz, 
Annie; Martinez, Jean; Tetrahedron Lett. (1991), 32(7), 923-6. ) and imidazole (0.88 g, 
13.01 mmol in dimethylformamide (7 ml) is treated with tertbutyldiphenylsilyl chloride (1.69 
ml, 6.5 mmol). The reaction mixture is stirred together at room temperature for 1 hour, then 
diluted with water and extracted into ethyl acetate. The ethyl acetate phase is dried over 
MgS04 and evaporated. The crude product is purified by flash silica chromatography (elution 
with 1:1 ethyl acetate/hexane) to afford (S)-3-tert-butoxycarbonylamino-4-(tert-butyl-diphenyl- 
silanyloxy)-butyric acid benzyl ester. [M-BOC] 448.0. 

(b) r(S)-l-(tert-Butyl-diphenvl-silanvloxvmethyl)-3-hydroxy-prQpvlVcar bamic acid tert-butvl 
ester 

A solution of (S)-3-tert-butoxycarbonylaniino-4-(tert-butyl-diphenyl-silanyloxy)-butyric acid 
benzyl ester in (2.37 g, 4.33 mmol) in dry diethylether (25 ml) at 0°C is treated with a 2 M 
solution of lithium borohydride in THF (4.33 ml). The reaction mixture is allowed to warm to 
ambient temperature and stirred for 3 hours under argon, then quenched by addition of water 
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(10 ml) and 0.5 M aqueous citric add solution (20 ml). The ether is separated, and the aqueous 
phase extracted with more ether. The combined ether phases are dried over MgS04 and 
evaporated. The crude product is purified by flash silica chromatography on a biotage colunm 
(90 g) (elution with a 1:3 ethyl acetate/hexane then methanol ) to afford [(S)-l-(tert-butyl- 
diphenyl-silanyloxymethyl)-3-hydroxy-propyl]-carbamic acid tert-butyl ester [M-BOC] 344.1. 
(c) f/S)-l-(tert->Butvl-diphenvl-silanvlQxvmethvlW 3-iodo-propvll-carbamic acid tert-butvl ester 
A suspension of polystyrene resin-bound triphenylphosphine (2.33 g, 3 mmol/g) in dry 
dichloromethane (25 ml) is treated with iodine (1.56 g, 6.16 mmol) and stirred for 15 minutes 
under argon . Imidazole (0.477 g, 7.0 mmol) is added and the reaction mixture stirred at room 
temperature for a further 15 minutes. The reaction mixture is then treated with a solution of 
[(S)-l-(tert-butyl-diphenyl-silanyloxymethyl)-3-hydroxy-propyll-carbamic add tert-butyl ester 
(1.24 g, 2.8 mmol) in dichloromethane (5 ml). The reaction mixture is refluxed for 2 hours 
xmder argon, then filtered through a Celite™ filter pad, washing with dichloromethane. The 
filtrate is washed with 5% aqueous sodium thiosulphate solution and water, dried over MgS04 
and evaporated. The crude product is purified by flash silica chromatography (elution with 
1:99 methanol/dichloromethane) to afford [(S)-l-(tert-butyl'-diphenyl-silanyloxymethyl)-3-iodo- 
propyl]-carbamic add tert-butyl ester. [M-BOC] 453.9. 

( (S)-3-Iodo-l-methoxvmethvl-propvl>-carbamic add tert-butvl ester: 
(a) (S^-3-tert-Butoxycarb onylamino-4-methoxy-butyric acid benzyl ester 
A solution of (S)-3-tert-butoxycarbonylamino-4-hydroxy-butyric acid benzyl ester (31.4 g, 101 
mmol) (prepared using the method of Rodriguez, Marc; Linares, Muriel; Doulut, Sylvie; Heitz, 
Annie; Martinez, Jean \Tetrahedrcm Lett. (1991), 32(7), 923-6. ) in dichloromethane (280 
ml) is cooled to -20®C and a 48% aqueous solution of tetrafluoroboric acid ( 13.3 ml, 101 
mmol) added. With vigorous stirring is added dropwise a 2.0 M solution of trimethylsilyl- 
diazomethane (50.8 ml, 101 mmol) ) in hexane over 35 minutes. After stirring for a further 30 
minutes, a second aliquot of trimethylsilyldiazomethane is added (12.7 ml, 25 mmol) slowly 
over 10 minutes. After stirring for a further 30 minutes at -20®C a further aliquot of 
trimethylsilyl-diazomethane (12.7 ml, 25 mmol) is added over 10 minutes. This pattern is 
continued until a total of 127 ml of trimethylsilyldiazomethane solution (254 mmol) is added. 
After the last addition the reaction mixture is left to stir for 1.5 hours at -20°C. The reaction 
mixture is then quenched with water and extracted into dichloromethane. The organic phase is 
dried over magnesium sulphate and evaporated. The crude product is purified by flash silica 
chromatography (elution with 2:8 ethylacetate / hexane) to afford (S)-3-tert-Butoxycarbonyl- 
amino-4-methoxy-butyric acid benzyl ester as a clear oil . [M-BOC] 224.19. 
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(b) f/S^-3-Hvdroxy-l-methoxvmethvl-proDvl)-carbamic add te rt-butyl ester 

A solution of (S)-3-tert-Butoxycarbonylamino-4-methoxy-butyric acid benzyl ester (10.4 g, 
32.3 mmol) in dry diethylether (70 ml) cooled to 0°C is treated slowly with a 2.0 M solution of 
LiBH4 in THF (32.2 ml, 64.4 mmol). The reaction mixture is allowed to warm to ambient 
temperature and then left to stir. After 6 hours the reaction mixture is quenched slowly with 
0.5 M aqueous solution of citric acid and extracted with ether. The ether phase is dried over 
magnesiirai sulphate and evaporated- The crude product is purified by flash silica chromato- 
graphy (elution with a gradient 3:7 to 6:4 ethylacetateAiexane) to afford ((S)-3-Hydroxy-l- 
methoxymethyl-propyl)-carbamic acid tert-butyl ester as a clear oil, [M-BOC] 120.13 

(c) ((SU3-Iodo-l-medioxvmethyl-propyn<:arbamic acid tert- butyl ester 

A suspension of polystyrene resin-bound triphenylphosphine (18.645 g, 3 mmol/g) in dry 
dichloromethane (250 ml) is treated with iodine (12.5 g, 49.22 mmol) and stirred for 15 
minutes under argon . Imidazole (3.87 g, 55.94 mmol) is added and the reaction mixture 
stirred at room temperature for a further 15 minutes. The reaction mixture is then treated with 
a solution of ((S)-3-Hydroxy-l-methoxymethyl-propyl)-carbamic add tert-butyl ester ( 4.9 g, 
22.37 mmol) in dichloromethane (30 ml), and refluxed for 1.5 hours under argon. The resin is 
removed by filtration through a Celite™ filter material pad, washing with dichloromethane. 
The filtrate is washed with 5% aqueous sodium thiosulphate solution and water, dried over 
MgS04 and evaporated to afford ((S)-3-Iodo-l-methoxymethyl-propyl)-carbamic acid tert- 
butyl ester as a crude oil. [M-BOC] 230.06. 

((R^-3-iodo-l-methvl-propvD-carbamic acid tert-butvl ester: 

(a) (S)-3-tert-Butoxycarbonylamino-4-iodo-butyric acid benzyl ester 

A suspension of polymer bound triphenyl phosphine (18.25 g, 54.76 mmol) in DCM (100 ml) 
is treated with iodine (12.2 g, 48.1 mmol) and the reaction mixture stirred at ambient 
temperature for 15 minutes. Imidazole (3,72 g, 54.7 mmol) is added and the reaction mixture 
stirred for a further 15 minutes. A solution of (S)-3-tert-butoxycarbonylamino-4-hydroxy- 
butyric acid benzyl ester (6.76 g, 21.9 mmol) in DCM (100 ml) is added. The suspension is 
stirred at reflux for 1.5 hours, then filtered through Celite™ filter material, washing through 
with DCM. The combined organic phase is washed with an aqueous solution of 10% sodium 
thiosulphate, water and brine, then dried over magnesium sulphate and evaporated. The crude 
product is chromatographed over flash silica using 8% ethylacetate in iso-hexane as eluent to 
afford (S)-3-tert-butoxycarbonyIamino-4-iodo-butyric acid benzyl ester. [ M-BOC] 320.12 

(b) ((R)-3-Hvdroxv-l-methyl-propvlVcarbamic acid tert-butyl ester 

A solution of (S)-3-tert-butoxycarbonylamino-4-iodo-butyric acid benzyl ester (0.2 g, 0.477 
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mmol) in dry diethylether (3 ml) cooled to 0<'C under argon, is treated with a 2.0 M solution of 
lithium borohydride in THF (0.95 ml, 1.9 mmol). The reaction mixture is allowed to warm to 
ambient temperature with stirring for 18 hours. The reaction is quenched by addition of water 
and partitioned between ethylacetate and 10% citric acid solution. The organic phase is 
washed with brine, dried over magnesium sulphate and evaporated. The crude product is 
purified by flash silica chromatography using 1% methanol in DCM as eluent to afford ((R)-3- 
hydroxy-l-methyl-propyl)-carbamic acid tert-butyl ester, 
(c) ((R)>3-Iodo-l->methvl-propvn-carba mic acid tert-butvl ester 

A suspension of polymer bound triphenyl phosphine (0.200 g, 0.595 mmol) in DCM (2 ml) is 
treated with iodine (0.133 g, 0.523 mmol) and the reaction mixture stirred at ambient 
temperature for 15 minutes. Imidazole (39 mg, 0.57 nmiol) is added and the reaction mixture 
stirred for a further 15 minutes. A solution of ((R)-3-Hydroxy-l-methyl-propyl)-carbamic acid 
tert-butyl ester (0.045 g, 0.238 mmol) in DCM (2 ml) is added. The suspension is stirred at 
reflux for 2.5 hours, then filtered through Celite™ filter material, washing through with DCM. 
The combined organic phase is washed with an aqueous solution of 10% sodium thiosulphate, 
water and brine, then dried over magnesium sulphate and evaporated to afford ((R)-3-iodo-l- 
methyl-propyl)-carbamic acid tert-butyl ester. [ M+H] 285.05 

S-Ethvl-isoxazol-3-ylamines 

(a) (2-Ethvl-ri.31dioxolan-2-vn-acetonitrile 

A solution of 3-oxo-p.entanemtrile (1.582 g, 16.49mmol), ethylene glycol (1.026 ml, 84.59 
mmol) and a catalytic amount of p-Toluene sulphonic acid (8 mg) in Toluene (10 ml) is 
reflxixed at 1S0'>C for 2 days using Dean-Stark apparatus. The reaction mixture is diluted with 
ethyl acetate and washed with saturated sodium bicarbonate solution. The organic phase is 
dried over MgS04, filtered, and the solvent evaporated to yield (2-ethyl-[l,3]dioxolan-2-yl)- 
acetonitrile. IH NMR (400MHz, CDC13) d 4.15(2H,m), 4.05 (2H, m), 2.65 (2H, s), 1.80 (2H, 
q), 0.95 (3H, t) 

(b) 2-(2-Ethyl fl-31dioxolan-2-yl)-N-hvdroxv>acetamidine. 

A solution of NaOH (1.17 g, 29.3 mmol) in water/methanol (1:1) (1 8ml), cooled to 0°C in an 
ice bath, is treated with hydroxylamine hydrochloride (1.58 g, 22.78 mmol), with stirring for 5 
minutes. (2-Ethyl-[l,3]dioxolan-2-yl)-acetonitrile (1.42 g, 10.125 mmol) is added and the 
reaction mixture stirred at room temperature for 18 hours, then refluxed for a further 2 hours. 
The reaction mixture is cooled and partitioned between ethyl acetate and water. The organic 
phase is dried over MgS04, filtered, and the solvent evaporated to yield 2-(2-Ethyl 
[l,3]dioxolan-2-yl)-N-hydroxy-acetamidine. [M+H] 175.21 
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(c) 5-Ethvl-isoxazoI-3>ylamine 

A solution of 2-(2-ethyl [l,3]ciioxolan-2-yl)-N-hydroxy-acetamidine (1.49 g 8,564 mmol) in 
ethanol (49 ml), acidified to pH 1 with concentrated hydrochloric acid solution, is refluxed at 
50°C for 3 days. The solvent is evaporated and the crude product dissolved in wrater and 
extracted into ethyl acetate (x2). The organic phase is dried over MgS04 and evaporated to 
afford 5-ethyl-isoxazol-3-ylamine. [M + H] 113.02 

(S-Ethvl-ri3.41thiadia2ol"2>vn-carbamic acid phenvl ester: 

A solution of 5-Ethyl-[l,3,4]thiadiazol-2-ylamine (2,5g, 19.4mmol) and pyridme (1.72 ml, 
21.3mmol) in dichloromethane (70 ml) is cooled to -70*>C and treated with a solution of 
phenylchloroformate (2.45 ml, 19.6 mmol) in dichloromethane (10 ml) dropwise. The reaction 
mixture is allowed to warm to ambient temperature and stirred for 3 hours during which a 
precipitate forms. The precipitate is collected by filtration, and dried under vacuum to afford 
(5-Ethyl-[l,3,4]thiadiazol-2-yl)-carbamic acid phenyl ester as white solid. [M+H] 250.15 

(5-Cvdopropvl-2-methvl-2H-Pvrazol-3-vn^carbam ic acid phenvl ester: 
A solution of 5-CyclopropyI-2-methyl-2H-pyrazol-3-ylamine (3.0 g, 22 mmol) {65 ml) and 
sodium bicarbonate (2 g, 24 mmol) in THF is cooled to 0°C. Phenylchloroformate (3.4 g, 22 
mmol) is added dropwise over 15 minutes. The reaction mixture is allowed to warm to 
ambient temperature and stirred for 5 hours, then filtered and the filtrate partitioned between 
ethyl acetate and water. The organic phase is washed with water, 5% aqueous citric acid 
solution and brine, dried over MgS04 and evaporated to afford (5-Cyclopropyl-2-methyl"2H- 
pyrazol-3-yl)-carbamic acid phenyl ester. [M+Hj 258.17. 

(5-Ethvl>2-methYl-2H-Pvra2ol-3>vlWcarbamic aci d phenvl ester: 

(a) 5-Ethvl-2>methvl-2H-p yrazol-3-vlamine 

A solution of 3-Oxo-pentanenitrile (0.5 g, 5.15 mmol) and methylhydrazine (0.24 g, 5.15 
mmol) in ethanol (5ml) is heated to reflux for 1.5 hours. The solvent is evaporated and the 
residue partitioned between ethyl acetate and brine. The organic phase is dried over MgS04 
and evaporated to afford 5-Ethyl-2-methyl-2H-pyra2ol-3-ylamine. [M+H] 

(b) (5--Ethvl-2-methvl-2H- pvrazQl-3-yl)->carbamic acid phenyl ester 

A solution of 5-Ediyl-2-methyl-2H-pyrazoU3-ylamine (10 g, 79.8 nmiol) (500 ml) and 
potassium carbonate in THF (12.14 g, 87.8 mmol) is cooled to 0°C. Phenylchloroformate 
(10.15 ml, 80.6 mmol) is added dropwise over 20 minutes. The reaction mixture is stirred for 
40 minutes at 0«C then allowed to warm to ambient temperature and stirred for a further 2.5 
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hours. The reaction mixture is partitioned between ethyl acetate and water. The organic phase 
is washed with 5% aqueous citric acid solution and brine. The organic phase is treated with 
MgS04 and charcoal then filtered and evaporated to afford (5-Cyclopropyl-2-methyl-2H- 
pyra2ol-3-yl)-carbamic acid phenyl ester. [M+H] 246.21 

5-Cyclobutvl-2-meth vl-2H-pyra2ol-3-vl)-C flrl;»flm^c t^ rjd phenyl ester; 

(a) 5-Cvclobutvl-2-methvl-2H-pyrazol -3-vlamine 

This is synthesized in an analogous manner to 5-ethyl-2-methyl-2H-pyra2ol-3-ylamine except 
using 3-cyclobutyl-3-oxopropionitrile instead of 3-oxo-pentanenitrile. 

(b) 5-Cvclobutvl-2"methvl-2H>pvra2ol-3-vn-carba mic acid phenyl ester 

A solution of 5-Cyclobutyl-2-methyl-2H-pyrazoI-3-yIamine (0.156 g, 1.03 mmol) in dimethyl- 
formamide (3 ml) cooled to 0«C, is treated with phenylchloroformate (0.13 ml, 1.03 mmol) 
dropwise and left to stir at O^C for 1 hour. The reaction mixture is partitioned between ethyl 
acetate and 1.0 M hydrochloric acid solution, and the organic phase washed with water, dried 
over magnesium sulphate and evaporated to yield (5-Cyclobutyl-2-methyl-2H-pyra2ol-3-yl)- 
carbamic acid phenyl ester. [M+H] 272.22 

f 2-Ethvl-2H-tetra2ol-5>vn-carbamic add phenvl ester: 

A solution of 2-ethyl-2H-tetrazol-5-ylamine (0.1 g, 0.88 mmol) in dry THF (2 ml) is treated 
vsdth pyridine (0.09 ml, 1.10 mmol) followed by a solution of phenylchloroformate (0.11 ml, 
0.911 nrniol) in THF (1 ml). The reaction mixture is stirred at ambient temperature for 1.5 
hours, then partitioned between ethyl acetate and water. The ethyl acetate phase is dried over 
magnesium sulphate and evaporated to afford (2-Ethyl-2H-tetra2ol-5-yl)-carbamic acid phenyl 
ester as a white soUd. IH NMR (CDC13, 400 MHz) 6, 7.90 (IH, brs), 7.30 (2H, m), 7.15, 
(3H, m), 4.60 (2H, q) 1.60 (3H, t). 

(5-Ethyl-isoxa2ol-3-yl)-carbamic acid phenyl ester and (3-Ethyl-isoxa2ol-5yl)-carbamic acid 
phenyl ester are prepared analogously using 5-Ethyl-isoxazol-3-ylamine and 5-Ethyl-isoxa2ol- 
5-ylamine respectively in place of 2-ethyl-2H-tetra2ol-5-ylamine. 
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Preparation of final cnmpnnnA^ 
Example 1 

l-{(S)-3-[3-(4-CUoro-ben2enesulfinyl)-azetidm-l-yl]-l-hydroxy^ 
dimethoxy-phenyl)-iirea: 

(a) l-Benzhvdrvl-3-(4-chloro-benzenesulfinvl)-azetidme 

A solution of l-Benzhydryl-3-(4-chIoro-phenylsuIfanyl)-a2etidine (3.16 g, 8.6 mmol) in 
chloroform (30 ml) cooled to -15^C is treated slowly with a solution of meta chloro perbenzoic 
acid (2.17 g, 8.8 mmol) in chloroform over 2 hours. The reaction mixture is washed with 
water, aqueous saturated sodium bisulphate solution, sodium bicarbonate solution and brine. 
The organic phase is dries over magnesium sulphate and evaporated. The crude product is 
purified by flash silica chromatography (elution with iso-hexane : ether, 7:3 to 1:1) to afford 
l-Benzhydryl-3-(4-chloroben2enesulfinyl)-a2etidine, [MH]+ 384.12. 

(b) 3-f4-Chloro-benzenesulfinvn-azetidine 

A solution of l-Ben2hydryl-3-(4-chIoro-phenylsulfinyl)-azetidine (2.6g, 6.8 nunol) in 
dichloromethane (35 ml) cooled to -4«C, is treated with 1-chloroethoxycarbonyl chloride (1.25 
ml, 11.54 mmol) and the reaction mixture allowed to warm to room temperature with stirring 
for 18 hours. The solvent is evaporated and the residue taken up in methanol (15 ml) and 
stirred at room temperature for a further 18 hours. The solvent is evaporated and the residue 
crystallized from methanol/diethylether to afford 3-(4-Chloro-phenylsulfinyl)-azetidine. [MH]+ 
218.06 

(c) {(S)-^(tert-B^tYl^diphenvl-sUanvloxvmethvn-3-^3-(4-chloro-benzene s ulfinvlVazetidin>l-^^^ 
propvlKcarbamic acid tert-butvl ester 

A solution of 3-(4-Chloro-phenylsulfinyl)-azetidine (1.17 g, 4.6 mmol), [(S)-l-(tert-Butyl- 
diphenyl-silanyloxymethyl)-3-iodo-propyl]-carbamic acid tert-butyl ester (2.8 g, 5.1 mmol) and 
triethylamine (2.6 ml, 18.4 mmol) in dimethylformamide (35 ml) is stirred at ambient 
temperature for 18 hours. The reaction mixture is partitioned between ethyl acetate and 
saturated sodium bicarbonate solution. The organic phase is washed with water and brine, 
dried over magnesium sulphate and evaporated. The crude product is purified by flash silica 
chromatography (elution with dichloromethane: methanol, 95:5 ) to afford {(S)-l-(tert-Butyl- 

diphenyl-silanyloxymethyl)-3-[3-(4-chloro-phenylsulfinyl)-a2etidin-l-yl]-propyl}-carbaniicacid 
tert-butyl ester. [MH] + 641.29. 

(d) ((S)-3-f3-(4-Chloro-benzenesulfinvn-azetidin- l-vlVl>hvdroxvmethvl-propvn-carbamic acid 
tert-butyl ester 

A solution of {(S)-l-(tert-Butyl-diphenyl-silanyloxymethyl)-3-[3-(4-chloro-phenylsulfinyl)- 
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azetidin-l-yl]-propyl}-carbamic acid tert-butyl ester (2.7 g, 4.21 mmol) in THF (30 ml) is 
treated with a 1.0 M solution of tetrabutylammonium fluoride in THF (4.21 ml, 4.21 mmol) 
and the reaction mixture stirred at ambient temperature for 18 hours. The solvent is 
evaporated and the residue partitioned between ethyl acetate and saturated sodium bicarbonate 
solution. The organic phase is washed with water and brine, dried over magnesium sulphate 
and evaporated. The crude product is purified by flash silica chromatography (elution with 
dichloromethane: methanol, 95:5 ) to afford {(S)-3-[3-(4-Chloro-phenylsulfinyl)-azetidin-l-yl]- 
l-hydroxymethyl-propyl}-carbaniic acid tert-butyl ester. [MH ]+ 403.18 

(e) (S)-2-Amipo-4-r3"(4-chloro-ben2enesulfinvlUazetidin-l-vlVbutan-l-Ql 

A solution of t(S)-3-[3-(4-Chloro-phenylsulfinyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}- 
carbamic acid tert-butyl ester (1.06 g, 2.63 mmol) in dichloromethane (30 ml) is treated with 
trifluoroacetic acid (7 ml) and stirred at ambient temperature for 2 hours. The solvent is 
evaporated and the residue partitioned between dichloromethane and sodium hydroxide 
solution. The DCM phase is dried over magnesium sulphate and evaporated to afford (S)-2- 
Amino-4-[3-(4-chloro-phenylsulfinyl)-azetidin-l-yl]-butan-l-ol. [M +H] 303.8 

(f) l-ffS)-3-r3-(4-Chloro-benzenesulfinvlWazetidin-l-vl1--l--hvdroxymethvl-prQp yl}^3-(3.5-- 
dimethoxy-phenyl)-ureft 

A solution of (S)-2-Ammo-4-[3-(4-chloro-phenylsulfinyl)-azetidin-l-yl]-butan-l-ol (0.1 g, 0.264 
mmol) and dimethoxyphenylisocyanate (0.048 g, 0.264 mmol) in dichloromethane is stirred at 
ambient temperature for 2 hours. Te solvent is evaporated and the crude product is purified by 
flash silica chromatography (elution with dichloromethane: methanol, 99:1 to 95:5 ) to afford 
l-{(S)-3-[3-(4-Chloro-benzenesulfinyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(3,5- 
dimethoxy-phenyl)-urea [MH]+ 484.32 

Examples 2 to 6 

The compounds of these Examples, namely l-{(S)-3-[3-(4-Chloro-ben2enesulfinyl)-a2etidin-l- 
yl]-l-hydroxymethyl-propyl}-3-(5-ethyl-[l,3,4]thiadia2ol-2)-urea, l-{(S)-3-[3-(4-Chloro- 
benzenesulfinyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(5-ethyl-2-methyl-2H-pyrazol-3-^^ 
urea, l-{(S)-3-[3-(4-Chloro-ben2enesulfinyl)-a2etidin-l-yl]-l-hydroxymethyl-propyl}-3-(5- 
cyclopropyl-2-methyl-2H-pyrazol-3-yl)-urea, l-{(S)-3-[3-(4-Chloro-benzenesulfinyl)-azetidin-l- 
yl]-l-hydroxymethyl-propyl}-3-(5-ethyl-isoxa2ol-3-yl)-urea and l-{(S)-3-[3-(4-Chloro- 
benzenesulfinyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(3-ethyl-isoxazol-5-yl)-urea are 
prepared in a manner that is analogous to that described in Example 1. 



Examples 7 to 12 
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The compounds of these Examples are prepared in a manner that is analogous to that 
described in Examples 1 to 6 but using ((S)-3-Iodo-l-methoxymethyl-propyl)-carbamic acid 
tert-butyl ester in place of [(S)-l-(tert-butyl-diphenyl-siIanyloxymethyl)-3-iodo-propyl]- 
carbanndc acid tert-butyl ester. 

Examples 13 to 18 

The compounds of these Examples are prepared in a manner that is analogous to that 
described in Examples 1 to 6 but using ((R)-3-iodo-l-methyl-propyl)-carbamic acid tert-butyl 
ester in place of [(S)-l-(tert-butyl-diphenyl-silanyloxymethyl)-3-iodo-propyl]-carbamic acid 
tert-butyl ester. 

Example 19 

l-{(S)-3-[3-(4-CUoro-phenylsulfanyl)-a2etidm-l-yl]-l-hydrbxymethyl-propyl}- 
[l,3,4]thiadia2ol-2-yl)-urea: 

(a) l-Beozhvdrvl-3-(4-chloro-phenvlsulfanvn-azetidine 

A solution of 4-chlorothiophenol (3,0 g, 20.7 mmol) in dimethylformamide (30 ml) is treated 
with 60% sodium hydride dispersion in mineral oil (1.2 g, 30 mmol), stirred for 10 minutes at 
ambient temperature, then treated with a solution of methanesulfonic acid l-benzhydryl- 
azetidin-3-yl ester (5.98 g, 18.8 nunol) in dimethylformamide (40 ml). The reaction mixture is 
heated at fiO'^C for 5 hours, then cooled to ambient temperature and partitioned between ethyl 
acetate and water. The organic phase is dried over magnesium sulphate and evaporated. The 
crude product is purified by flash silica chromatography (elution with iso-hexane: ether, 8:2 ) 
to afford l-Benzhydryl-3-(4-chloro-phenylsulfanyl)-azetidine as a pale yellow solid. 

(b) 3-(4-Chloro-phenvlsulfanvn-a2etidine 

A solution of l-Benzhydryl-3-(4-chloro-phenylsulfanyl)-azetidine (0.62 g, 1.7 mmol) in 
dichloromethane (8 ml) cooled to -4oC, is treated with l-chloroethoxycarbonyl chloride (0.4 
ml, 2.68 mmol) and the reaction mixture allowed to warm to room temperature with stirring 
for 18 hours. The solvent is evaporated and the residue taken up in methanol (15 ml) and 
stirred at room temperature for a further 18 hours. The solvent is evaporated and the residue 
crystallized from methanol/diethylether to afford 3-(4-Chloro-phenylsulfanyl)-azetidine as a 
white solid. 

(c) f(S)-l-ftert-Butvl-diDhenvl-silanvlQxvmethvlU3-[ 3-(4-chlQro-phenvlsulfanyn>a2etidin-l>yl]> 
propylj-carbamic acid tert-butyl ester 

A solution of 3-(4-Chloro-phenylsulfanyl)-azetidine (0.26 g, 1.1 mmol), [(S)-l-(tert-Butyl- 
diphenyl-silanyloxymethyl)-3-iodo-propyl]-carbamic acid tert-butyl ester (0.67 g, 1.21 mmol) 
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and txiethylamine (0.62 ml, 4.4 mmol) in dimethylformamide (12 ml) is stirred at ambient 

temperature for 18 hours. The reaction mixture is partitioned between ethyl acetate and 

saturated sodium bicarbonate solution. The organic phase is washed with water and brine, 

dried over magnesium sulphate and evaporated. The crude product is purified by flash silica 

chromatography (elution with dichloromethane: methanol, 95:5 ) to afford {(S)-l-(tert-Butyl- 

diphenyl-silanyloxymethyl)-3-[3-(4-chloro-phenylsulfanyl).azetidin-l-yl]-propyl}-c 
tert-butyl ester. [MH] + 625.26. 

(d) {(S)^3^[3-(4-Chloro-phenylsulfanvn-a2etidin-l-vlVl>hvdrQ3nmie t hvl-prQpvl)-^ 
tert-butvl ester 

A solution of {(S)-l-(tert-Butyl-diphenyl-silanyloxymethyl)-3-[3-(4-chloro-phenylsulfa^^^ 
azetidin-l-yl]-propyl}"carbamic acid tert-butyl ester (0.612 g, 0.978 mmol) in THF (7 ml) is 
treated with a 1.0 M solution of tetrabutylanmionium fluoride in THF (0.98 ml, 0,98 mmol) 
and the reaction mixture stirred at ambient temperature for 18 hours. The solvent is 
evaporated and the residue partitioned between ethyl acetate and saturated sodium bicarbonate 
solution. The organic phase is washed with water and brine, dried over magnesium sulphate 
and evaporated. The crude product is purified by flash silica chromatography (elution with 
dichloromethane: methanol, 95:5 ) to afford {(S)-3-[3-(4-Chloro-phenylsulfanyl)-azetidin-l-yl]- 
l-hydroxymethyl-propyl}-carbamic acid tert-butyl ester. [M ]+ 387.15 

(e) (S)'2-Amino-4-r3-(4-chloro-phenvlsulf anvn-azetidfn-l-vn-butan^l-ol 

A solution of {(S)-3-[3-(4-ChIoro-phenylsulfanyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}- 
carbamic acid tert-butyl ester (0.22 g, 0.568 nunol) in dichloromethane (7 ml) is treated with 
trifluoroacetic acid (3 ml) and stirred at ambient temperature for 3 hours. The solvent is 
evaporated and the residue partitioned between dichloromethane and sodium hydroxide 
solution. The DCM phase is dried over magnesium sulphate and evaporated to afford (S)-2- 
Amino-4-[3-(4-chloro-phenylsulfanyl)-azetidin-l-yl].butan-l-ol. 

(f) l-{(S)-3-r3-(4-Chloro-phenvlsdfanvn-azeridin-l-yl]>l - hvdroxvmethvl-propvn-3-(5-ethyU 
ri.3.41thiadia2ol-2-vlUurea 

A solution of (S)-2-Amino-4-[3-(4-chloro-phenylsulfanyl)-azetidin-l.yl]-butan-l-ol (0.12 g, 
0.418 nunol) and (5-Ethyl-[l,3,4]thiadia2ol-2-yl)-carbamic acid phenyl ester (0.104 g, 0.418 
mmol) in DMSO (2 ml) is stirred at ambient temperature for 4 hours. The reaction Jtnixture is 
partitioned between ethyl acetate and water. The organic phase is dried over magnesium 
sulphate and evaporated. The crude product is purified by flash silica chromatography (elution 
with DCM: methanol, 95:5 to 90:10) to afford l-{(S)-3-[3-(4-Chloro-phenyl-sulfanyl)-a2etidin- 
l-yl]-l-hydroxymethyl-propyl}-3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea. [MH]+ 442.07. 
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Examples 20 to 24 

The compounds of these Examples, namely l-{(S)-3-[3-(4-Chloro-phenylsulfanyI)-a2etidin-l- 
yl]-l-hydroxymethyl-propyl}-3-(5-ethyi-2-methyl-2H-pyra2ol-3-yl)-urea, l-{(S)-3-[3-(4-Chloro- 
phenylsulfanyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(5.cyclopropyl-2-methyl-2H-p^^ 
3-yl)-urea, l-{(S)-3-[3-(4-ChIoro-phenylsulfanyl)-azetidin-l-yl]-l.hydroxymethyl-propyl}-3- 
(3,5-dimethoxy-phenyl)-urea and l-{(S)-3-[3-(4-Chloro-phenyisulfanyl)-azetidm-l-yl]-l- 
hydroxymethyl-propyl}-3-(5-ethyl-isoxa2ol-3-yI)-urea and l-{(S)-3-[3-(4-Chloro- 
phenylsulfanyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(3-ethyl4soxazol-5-yl)-ure^ are 
prepared in a manner that is analogous to that described in Example 19. 

Example 25 

l,((SW3-r3-(4-Chloro-benzenesulfonvn-a2etidm-> l-yl]-l-hvdroxvmeth^^ 
ri3>41thiadiazol-2-vn-urea! 

A solution of l-{(S)-3-[3-(4-Chloro-phenylsulfanyl)-azetidin"l-yl]-l-hydroxymethyl-propyl}-3- 
(5-ethyl-[l,3,4]thiadiazol-2-yI)-urea ( 0.055 g, 0.124 nmiol) in dichloromethane (9 ml) cooled 
to 15*»C, is slowly treated with a solution of meta chloroperbenzoic acid ( 0.052 mg, 0.3 mmol) 
in dichloromethane (2 ml) and stirred for 3 hours. The reaction nwxture is diluted with 
dichloromethane and washed with saturated sodium bicarbonate solution and brine. The 
organic phase is dries over magnesium sulphate and evaporated. The crude product is purified 
by solid phase extraction using a 2 g Isolute SCX-3 cartridge (elution with methanol, then 5% 
anmionia in methanol) fo afford l-{(S)-3-[3-(4-Chloro-benzenesulfonyl)-a2etidin-l-yl]-l- 
hydroxymethyl-propyl}-3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea. [MH] + 474.11 

Examples 26 to 30 

The compounds of these Examples, namely l-{(S)-3-[3-(4-Chloro-benzenesulfonyl)-azetidin-l- 
yl]-l.hydroxymethyl-propyl}-3-(5-ethyl-2-methyl-2H-pyrazol.3-yl)-urea, l-{(S)-3-[3-(4-Chloro- 
benzenesulfonyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(5-cyclopropyl-2-methyl-2H- 
pyrazol-3-yl)-urea and l-{(S)-3-[3-(4-Chloro- benzenesulfonyl)-azetidin-l-yl]-l-hydroxymethyl- 
propyl}-3-(3,5-dimethoxy-phenyl)-urea, l-{(S)-3-[3-(4-Chloro-benzenesulfonyl)-azetidin-'l-yl]- 
l-hydroxymethyl-propyl}-3-(5-ethyl-isoxazol-3-yl)-urea and l-{(S)-3-[3-(4-Chloro-benzene- 
sulfonyl)-azetidin-l-yl]-l-hydroxymethyl-propyl}-3-(3-ethyl-isoxazol-5-yl)-urea are prepared in 
a manner that is analogous to that described in Example 25. 
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Compounds of fonnula lb that are also formula XXI 



At' 



\-N-fc-);;^Q— N H 



XXI 



H 



where Ar, X^, m, Q and are as shown in Table 2 below, the methods of preparation being 
described hereinafter. The table also shows characterising mass spectrometry data. The 
compounds are all in free form. 
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Preparation of intermediates 

3-(3.4-Di chloro-phenoxv^-azetidine hydrochloride! 
(a) l-Benzhvdrvl-3-/3.4-di chlorQ-phenoxvVazetidine 

A solution of 3,4 dichlorophenol (4,12 g, 25.3 mmol) in DMF (150 ml) under argon is treated 
widi a 60% dispersion of sodium hydride in mineral oil (40.4 mmol) and the reaction mixture 
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Stirred for 10 minutes. A solution of Methanesulfonic add l-benzhydryl-azetidin-S-yl ester 
(7.27 g, 22.96 mmol) in DMF (50 ml) is added and the reaction mixture left to stir at 60° C for 
20 hours. The reaction mixture is portioned between ethyl acetate and water. The organic 
phase is washed with water (x2), dried over magnesium sulphate and evaporated. The crude 
product is purified by flash sUica chromatography (elution with 1:4 ethylacetate/isohexane) to 
afford l-Benzhydryl-3-(3,4-dichloro-phenoxy)-a2etidine. [M+H] 383.8 
(b) 3-(3.4-Dichloro-phenoyvUay.eriHine li ydrochloride 

A solution of l-Benzhydryl-3-(3,4-dichloro.phenoxy)-azetidine (2.14 g, 6.4 mmol) in dry 
dichloromethane (20 ml) is treated with 1-chloroethylchloroformate (0.832 ml, 7.7 mmol) 
with stirring for 4 hours. The solvent is evaporated and the residue dissolved in methanol and 
refluxed for 18 hrs. The methanol is evaporated to a saturated solution, and then treated with 
diethylether. The resulting precipitate is fUtered and dried under vacuum to afford 3-(3,4- 
Dichloro-phenoxy)-azetidine hydrochloride. IH NMR (D6 DMSO, 400Mhz) 5 9.5 (2H, brS), 
7.6 (IH, d), 7.2 (IH, s), 6.9 (IH, d), 5.1 (IH, m), 4.4 (2H, m), 3.95 (2H, m). 

All other substituted phenoxy azetldine hydrochloride compounds, including 3-(4-chloro- 
phenoxy)-azetidine hydrochloride, are made analogously if they are not readUy available from 
conmiercial sources. 



Azetidin-3-vl-f4-c1ilnr o-phenvl)-methanonehvdrocliloriHei 

(a) (l-Benzhvdrvl-azetidin. 3-vn-(4-ch1nro-Dhenvn-methanone 

A solution of l-Benzhydryl-azetidine-S-carbonitrile (23.6 g, 95 mmol) in chlorobenzene (250 
ml) under nitrogen is treated with a 1.0 M solution of 4-chlorophenylmagnesium bromide in 
diethylether (100 ml, 100 mmol) over one hour, ensuring the temperature does not exceed 30 
°C. The stirred reaction mixture is heated to 60°C for 1 hour, then cooled back to ambient 
temperature and quenched with a saturated aqueous solution of ammonium chloride (250 ml). 
The organic phase is washed with brine, dried over magnesium sulphate, and evaporated to a 
yellow oil. The oil is dissolved in methanol (300 ml), treated with concentrated hydrochloric 
acid (25ml), and stirred at ambient temperature for 18 hours. The solvent is evaporated and 
the residue partitioned between ethyl acetate (250 ml) and saturated sodium bicarbonate 
solution (250 ml). The aqueous phase is extracted with more ethyl acetate and the combined 
organic phases, treated with magnesium sulphate and charcoal, filtered and evaporated to 
afford (l-Benzhydryl-azetidin-3-yl)-(4-chloro-phenyl)-methanone. [MH]+ 361.99 

(b) Azetidin-3-vl-f4-chlor o-phenvn-methanQne hvdrochlf^riHft 

A solution of (l-Benzhydryl-azetidin-3-yl)-(4-cWoro-phenyl)-methanone (19.8 g, 54.8 mmol) 
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in dichloromethane ( 250 ml), cooled to -A^C, is treated with l-chloroethylchloroformate (8.0 
ml, 73.8 mmol) and allowed to warm to ambient twnperature. The reaction mixture is stirred 
for 18 hours and then evaporated. The residue is dissolved in methanol (220 ml) and stirred at 
ambient temperature for 3.5 hours. The methanol solution is concentrated and the product 
precipitated by addition of diethylether. The precipitate is coUected by filtration and dries 
under high vacuum to afford Azetidin-3-yl-(4-chloro-phenyl)-methanone hydrochloride. 
[MH]+ 195.95. 

Azetidin-3-yl-(4-chloro-benzoyl)-methanone hydrochloride and all other substituted benzoyl 
azeddine compounds are made analogously, 

3-(4-Chloro-benzyl Wazetidinium triflnnroacetate salt; 

(a) 3-(4-Chloro-benzovn-azetidinfi-1- carboxvlic acid tert-hni^l cj^tPr 

A solution of azetidin-3-yl-(4-chloro-phenyl)-methanone hydrochloride (50 g, 210 mmol) in 
dioxan:water 1:1 (800 ml) is added powdered sodium bicarbonate (61.7 g, 730 mmol) and the 
reaction mixture cooled to 10°C. Di-tbutyl-dicarbonate (52.6 g, 240 mmol) is added portion 
wise and the reaction mixture allowed to warm to room temperature with stirring for 1.5 
hours. The reaction mixture is poured into water (1500 ml) and the resulting white precipitate 
filtered off and dried under vacuum to afford 3-(4-Chloro-benzoyl)-azetidine-l-carboxylic acid 
tert-butyl ester. NMR 400 MHz, CDCb, 5 1.45 (9H), 4.10 (IH), 4.20 (4H), 7.47 (2H), 
7.80 (2H) 

(b) 3-r(4-Chloro-phenvl)-hvdroxv-methvn-azetidinfi-1 - carboyvlit^ acid tert-hutvl ssf^r 

A solution of 3-(4-Chloro-benzoyl)-azetidine-l-carboxylic acid tert-butyl ester (62.5 g, 210 
mmol) in ethanol (1000 ml) cooled to 10<>C is treated with sodium borohydride (9.5 g, 250 
mmol). The reaction mixture is allowed to warm to room temperature and stirred for 2 hours. 
The reaction mixture is added to water and the precipitate collected by filtration, and dried 
under vacuum to afford 3-[(4-Chloro-phenyl)-hydroxy-methyl]-azetidine-l-carboxyBc acid tert- 
butyl ester. Mpt 123-125°C. 

(c) 3-r(4-Chloro-phenvn-iodo-methv1Vazetidine- l -carbnyylio acid terf-hutvl ester 
Polymer supported triphenylphosphine (125 g, 370 mmol) is suspended in tetrahydrofuran: 
acetonitrile 9:1 (1000 ml) and treated with Iodine (95.2 g, 370 mmol) followed by stirring for 
15 minutes. Imidazole (25.5 g, 370 mmol) is added followed by a solution of 3-[(4-Chloro- 
phenyl)-hydroxy-methyl]-azetidine-l-carboxylic add tert-butyl ester (44.7 g, 150 mmol) in 
tetrahydrofuran (150 ml) and the reaction mixture stirred at ambient temperature for 20 hours. 
The reaction mixture is fUtered through Cdite™ fdter material and the filtrate evaporated. The 
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residue is taken up in chloroform and washed with sodium thiosulphate solution, water and 
brine. The solution is dried over magnesium sulphate and evaporated to provide 3-[(4-Chloro- 
phenyl)-iodo-methyl]-azetidine-l-carboxylic add tert-butyl ester, m NMR 400 MHz, CDCU, 8 
1.35 (9H), 3.21 (IH), 3.37 ( IH), 3.60 ( 2H), 4.05 ( IH), 5.12 (IH), 7.20 (4H). 

(d) 3-^4-Chloro-ben7.yn-ar^ridine-l-car hoxvlic acid tert-hnrvl f^arpr 

A solution of 3-[(4-Chloro-phenyl)-iodo-methyl]-a2etidine-l-carboxylic acid tert-butyl ester (58 
g, 140 mmol) in dimethylsulphoxide (450 ml) is treated with sodium borohydride with cooling. 
The reaction mixture was stirred at room temperature for 20 hours, then quenched by the 
slow addition of water (1000 ml). The aqueous mixture is extracted into ethyl acetate, and the 
ethyl acetate phase washed with saturated brine, dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography using a biotage 75 column 
(eluant gradient isohexane:ethylacetate 9:1 to 85:15) to afford 3-(4-Chloro-benzyl)-azetidine- 
1-carboxylic acid tert-butyl ester, iH NMR 400 MHz, CDCI3, 5 1.35 (9H), 2.70 (IH), 2.80 ( 
2H), 3.55 (2H), 3.90 {2H), 6.97 ( 2H), 7.17 (2H). 

(e) 3-(4-Chloro-ben7.vlVa zetidinhim trifluoroacetate salt 

A solution of 3-(4-Chloro-benzyl)-azetidine-l-carboxylic acid tert-butyl ester (1.61 g, 5.71 
mmol) in dichloromethane (20 ml) is treated with trifluoroacetic acid (20 ml) and stirred at 
ambient temperature for 1 hour. The reaction mixture is evaporated and then re-suspended in 
toluene and evaporated to dryness to afford 3-(4-Chloro-benzyl)-azetidmium trifluoroacetate 
salt. [MH]+ of free base 182.12. 

All other substituted benzyl azetidine compounds are made analogously. 

(5-Cvclopropvl-2-methvl-2H-pvra7.n1- ? -vn-carbamtc add p henyl estPr; 
A solution of 5-Cydopropyl-2-methyl-2H-pyrazol-3-ylamine (3.0 g, 22 mmol) (65 ml) and 
sodium bicarbonate (2 g, 24 mmol) in THF is cooled to 0°C. Phenylchloroformate (3.4 g, 22 
mmol) is added dropwise over 15 minutes. The reaction mixture is allowed to warm to 
ambient temperature and stirred for 5 hours, then filtered and the fUtrate partitioned between 
ethyl acetate and water. The organic phase is washed with water, 5% aqueous dtric add 
solution and brine, dried over MgS04 and evaporated to afford (5-Cyclopropyl-2-methyl-2H- 
pyrazol-3-yl)-carbamic acid phenyl ester. [M+H] 258.17. 

(+M(lR,2R)-2-r3-(4-Chloro-pheDoxv)-a2etidin-l-vlmett.v11- r vdohewlan,in^. 

(+/-){ (^R.^R)-2-r3-(4-Chloro-phenoxv)-a7.fttidine-1 -rarh o nvn-cvdnhPwH-carhflniir. aHH 
tert-butvl ester 
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A solution of BOC-Cis-2amino-cyclohexylcarboxylic add (1.0 g, 4.11mmol) and 
diisopropylethylamine {2.14ml, 12/33mmol) in dichloromethane is treated with 

[dimethylamino-([l,2,3]tria2olo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ammoniu^ 
hexafluoro phosphate (1.56g, 4.11mmol) and stirred at ambient temperature for 5 minutes. 3- 
(4-Chloro-phenoxy)-a2etidine hydrochloride (0.984g, 4.32mmol) is added and the reaction 
mixture stirred for IShours. The reaction mixture is diluted with dichloromethane and washed 
with saturated sodium bicarbonate solution and brine. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient 30% ethyl acetate in isohexane) to afford {(lR,2R)-2-[3-(4-Chloro-phenoxy)- 
azetidine-l-carbonyl]-cyclohexyl}-carbamic acid tert-butyl ester as a racemic mixture of optical 
isomers [M-BOC] 309.16 

(b) (t/-){(lR,2R)-2-r3-{4-ChlorO-phenoxv.)-azetidin-l- v lmethvl]-tr>rcIohexvU-carbamirariHfPrf^ 

btttyl gster 

A solution of {(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidine-l-carbonyl]-cyclohexyl}-carbamic 
acid tert-butyl ester (0.215 g, 0.52 mmol) in dry THF (5ml) cooled to -5°C is treated with a 1.0 
M solution of LiAlH4 in THF (1.26 ml, 1.26 mmol) and the reaction mixture stirred at -5°C 
for 20 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered through a Celite™ filter pad 
washing through with ethyl acetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant 40% Ethyl acetate 
in isohexane) to afford {(lR,2R)-2-(3-(4-Chloro-phenoxy)-a2etidin-l-ylmethyl]-cyclohexyl}- 
carbamic add tert-butyl ester as a racemic mixture of optical isomers [lyIH]+ 395.23 

(c) (+/-)(lR,2R)-2-r3-(4-Chloro-phenoyy ) -azetidin-1-ylmethvn-ryrlohexvkininfi 

A solution of {(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-ylmethyl]-cyclohexyl}-carbamic 
add tert-butyl ester (0.078 g, 0.199 mmol) in dichloromethane (1 ml) is treated with 
trifluoroacetic acid ( O.Sml) and the reaction mixture stirred at ambient temperature for 30 
minutes. The solvent is evaporated and the residue taken up in dichloromethane and washed 
with 1 M NaOH solution. The organic phase is dried over magnesium sulphate and evaporated 
to afford (lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yimethyl]-cyclohexylamine as a racemic 
mixture of optical isomers. [MH]+ 295.19 

l-(2-r3-(4-Chloro-ph enoxv)-azeridin-l-vI]-ethvll-cvclobutvlaTnin«'.; 

(a) (l-{2-r3-f4-Chloro-phenoxv)-a2etidin-1 -vn-2-Qxo.ftfh y n-cvdobutyn-carhaTnic arj^ ^ t^rt. 
butyl ester 



wo 2005/026113 



57 



PCT/EP2004/010260 



A solution of (l-tert-Butoxycarbonylamino-cydobutyl)-acetic acid (0.13 g, 0.567 nunol) ( 
synthesized by the method described in European Journal of Medicinal Chemistry (1999), 
34(5), 363-380), and diisopropylethylamine (0.197 ml, 1.134 mmol) in dichloromethane is 
treated with tDimeriiylamino-([l,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl- 
ammonium hexafluoro phosphate (0.216 g, 0.567 mmol) and stirred at ambient temperature 
for 5 minutes. 3-(4-Chloro-phenoxy).a2etidine hydrochloride is added and the reaction mixture 
stirred for 18 hours. The reaction mixture is diluted with dichloromethane and washed with 
saturated sodium bicarbonate solution and brine. The organic phase is dried over magnesium 
sulphate and evaporated. The crude product is purified by flash chromatography (eluant 
gradient isohexane:ethykcetate 3:7 to 2:8) to afford (l-{2-[3-(4-Chloro-phenoxy)-azetidin-l- 
yl]-2-oxo-ethyl)-cyclobutyl)-carbamic acid tert-butyl ester. [MH]+ 395.16. 

U-f2-r3-f4-Chlor9-phenoyy)-a7pti din-1-vn - (^h v H .cvclohnfvlUr.rbamic aHH f^.^.h».y l 
A solution of (l-{2-[3.(4-Chloro-phenoxy)-a2etidin.l.yl].2-oxo-ethyl}-cyclobutyl)-carbamic 
acid tert-butyl ester (0.16 g, 0.405 mmol) in dry THF (5 ml) cooled to 0<>C is treated with a 
l.OM solution of LiAlH4 in IHF (1.0 ml, 1.0 mmol) and the reaction mixture stirred at OoQ 
for 20 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered tiu-ough a Celite™ filter pad 
washing durough with edjylacetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant gradient 
dichloromethanermethanol 1:0 to 9:1) to afford (l-{2-[3-(4-ChIoro-phenoxy)-azetidin-l.yl]. 
ediyl}-cyclobutyl)-carbamic add tert-butyl ester. [MH]+ 381.20. 

l-(2-r3-(4-ChlQro-phenoxvVazeridin-1-v n -ethvll-cvrlnV.nf^ .lar^;»^ 
A solution of (l-{2-[3-(4-Chloro-phenoxy)-a2etidin-l-yl]-ethyl}-cydobutyl)-carbamic add tert- 
butyl ester ( 0.04g, 0.105mmol) in dichloromethane ( 3ml) is treated with trifluoroacetic add ( 
0.5ml) and the reaction mixture stirred at ambient temperature for 2 hours. The solvent is 
evaporated and the residue taken up in dichloromethane and washed with IM NaOH solution. 
The organic phase is dried over magnesium sulphate and evaporated to afford l-{2-[3-(4- 
Chloro-phenoxy)-azetidin-l-yl]-etiiyl}-cydobutylamine. [MH]+ 281.11 

3-r3-(4-Chloro-phenoxv)-a7etidin-l-vn-1 .1 -dimethvl-p rnp ylamine atiH {^-r3-M-Chlnrn, 
phenoxv)-azeridin-l-vn-l.l-dimet]ivT- p ropvlf -matliYl-^»r»-T,». 

(3-|"3-f4-Chloro-phenoyY)-?^7.priHin-l-vl1-lJ -dimethvl-^.ovn.p r»r Yn.carh5.mir .H^ ^ f-f- 
butvl ester 

A solution of 3-tert-Butoxycarbonylamino-3-methyl-butyric acid (0.58g, 2.67mmol) ( 
synthesized by the mediod described in Journal of Medicinal Chemistry (1991), 34(2), 633- 
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42. ), and diisopropylethylamine (1.39ml, S.Olmmol) in dichloromethane is treated with 

[dimethylamino-([l,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-anuno^^ 
hexafluoro phosphate ( l.Olg, 2.67nunol) and stirred at ambient temperature for 5 minutes. 3- 
(4-Chloro-phenoxy)-a2etidme hydrochloride (0.68g, 2.67mmol) is added and the reaction 
mixture stirred for IShours. The reaction mixture is dUuted with dichloromethane and washed 
with saturated sodium bicarbonate solution and brine. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient 25% to 50% ethylacetate: isohexane) to afford {3-[3-(4-Chloro.phenoxy)- 
azetidin-l-yl]-l,l-dimethyl-3-oxo-propyl}-carbamic add tert-butyl ester [M-BOC] 283.08. 
3-r3-(4-ChlQro-phenoxY)-a7^ridin-l-yll-].1-dimethvl-prnp vi^n,;n>^ 

A solution of {3-[3-(4-Chloro-phenoxy)-a2etidin-l-yl]-l,l-dimethyl-3-oxo-propyl}-carbamic 
acid tert-butyl ester (0.587g, 1.53mmol) in dry TEIF (5ml) cooled to -5oC is treated with a 
l.OM solution of UAIH4 in THF (3.83ml, 3.83mmol) and the reaction mixture stirred at OoC 
for 30 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered through a Celite™ filter pad 
washing through with ethyl acetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant gradient 
dichloromethanemethanol 9:1 to 9:3) to afford as a 1:1 mixture of 3-[3.(4-Chloro-phenoxy)- 
azetidin-l-yl]-l,l-dimethyl-propylamine. [MH]+ 269.1 and {3-[3-(4-Chloro-phenoxy)-azetidin- 
l-yl]-l,l-dimethyl-propyl}-methyl-amine [MH]+ 283.12. 



Preparation of final cnmpm^ip.^^ 
Example 31 

(+/-)l-f{lR,2R)-2-r3-(4-Chloro-nhenoxv>-azetidiTi - l-vl-methvl]-cvdohewl}-3-fS-ethvl- 
n .3.41thiadiazol-2-vl Unrca ■ 

A solution of (lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-ylmethyl]-cyclohexyIamine (0.111 
mg, 0.382 mmol) and (5-EthyI-[l,3,4]thiadia2ol-2-yl)-carbaniic acid phenyl ester (0.100 g, 0.40 
mmol) in dimethylsulphoxide (2 ml) is stirred at ambient temperature form 18 hours. The 
reaction mixture is partitioned between ethyl acetate and water. The organic phase is dried 
over magnesium sulphate and evaporated. The crude product is purified by flash 
chromatography (eluant ethyl acetate) to afford l-{(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin- 
l-ylmethyl]-cyclohexyl}-3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea as a racemic mixture of optical 
isomers. [MH]+ 450.213 



wo 2005/026113 



59 



PCT/EP2004/010260 



Examples 32 to 37 

The compounds of these Examples, namely l-{(lR,2R).2-[3.(4-Chloro-phenoxy)-azetidin-l-yl- 

methyI]-cydohexyl}-3-(5-ethyl-2-methyl-2H-pyrazoI-3-yl).urea,l-{(lR,2R)-2-[3-(4-Chloro^ 

phenoxy)-azetidln-l-yl-methyl]KTrclohexyl}-3-(5s7dopropyl-2-methyl-2H-pyrazol.3-yl^ 

l-{(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yl-methyl]-cyclohexyl}-3-(5-cyclobutyl-2- 

methyl-2H-pyrazol-3-yl)-urea,l-{(lR,2R)-2-[3-(4-CWoro-phenoxy)-a2etidin-l-yI-niethyl3- 

cydohexyll-3.{2-ethyl-2H-tetrazol-5-yl)-urea,l-{(lR,2R).2.[3-(4-CWoro-phenoxy).az^^ 

yl-mediyl]-cyclohexyl}-3-(5-ethyl-isoxazoI-3-yI)-ureaandl-{(lR,2R)-2-[3-(4-Chloro-phenoxy)- 

a2eridin-l.yl-methyl]-cyclohexyl}-3-(3-ethyl-isoxazol-5-yl)-urea are prepared using procedures 

that are analogous to those used in Example 31. 

Examples 3« tn «>1 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 31 to 37 but using the appropriate amine. 

Examples 52 to 72 

The compounds of these Examples are trans analogues of the compounds of Examples 31 to 51 
respectively. They are prepared analogously but using the intermediate BOC-trans-2-amino- 
cydohexylcarboxylic add instead of BOC-ds-2-amino-cydohexylcarboxyUc acid. 

Example 73 

l-(l-{2-r3-(4-ChlQro-phcnoxy)-azetidin-1-vll-ethvn-rvri o butvn-3WWthvl.ri.3.^ 
vl)-ureai 

A solution of l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-ethyl)-cyclobutylamine (0.028 mg, 0.1 
mmol) and (5-Ethyl-[l,3,4]thiadiazol-2-yl)-carbamic add phenyl ester (0.028 g, 0.112 mmol) 
in dimethylsulphoxide (1.5 ml) is stirred at ambient temperature form 18 hours. The reaction 
mixture is partitioned between ethyl acetate and water. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient dichloromethane:methanol 98:2 to 93:7) to afford l-(l-{2-[3-(4-Chloro- 

phenoxy)-azetidin-l-yl]-ethyl}-cydobutyl).3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea. [MH]+ 
436.12. 

Examples 74 tn 79 

The compounds of these Examples, namely l-(l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yI]. 
ethyl}-cyclobutyl)-3-(5-ethyI-2-methyl-2H-pyrazol-3-yl)-urea,l-(l-{2-[3-(4-Chloro-phenoxy)- 
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azetidin-l-yl]-ethyl}-cyclobutyl)-3-(5-cyclopropyl-2-methyl-2H-pyra2ol.3-yl)-urea, l-(l-{2-[3- 
(4-Chloro-phenoxy)-a2etidin-l.yl]-ethyl}Kydobutyl)-3-(5-<:yclobutyI-2-metfayl-2^^ 
yl)-urea, l-(l-{2-[3-(4-Chloro-phenoxy)-a2etidin-l-yl]-ethyl}-qrclobutyl)-3-(2-ethyl-2H- 
tetrazol-5-yl)-urea,l-(l-{2-[3-(4-CWoro-phenoxy)-a2etidin-l-yl].ethyI}-cydobutyl)-3-(5-rt^^^ 
isoxazol.3-yl)-ureaandl-(l-{2-[3-(4-Chloro-phenoxy)-azetidin-l.yl].ethyl}-cyclobutyl)-3-(3- 
ethyl-isoxa2ol-5-yl)-urea are prepared using procedures to those used in Example 73. 

Examples RO to 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 73 to 79 but using the appropriate amine. 

Example 94 

^-{343-(4-aioro-phgnff7ry)-flygtidip >t-yn-i,l-di m ethvl - nronvT M-r^-eti,vi-ri.^ 

vlWurea! 

A solution of a 1:1 mixture of 3-[3-{4-Chloro-phenoxy)-a2etidin-l-yl]-l,l-dimethyl- 
propylamineand{3-[3-(4-Chloro-phenoxy).a2etidin-l-yl]-l,l-dimethyl-propyl}-methyl-amine 
(0.069 mg) and 5-Ethyl-[l,3,4]thiadiazol-2-yl)-carbamic add phenyl ester (0.067g, 0.26 mmol) 
in dimethyisulphoxide (2.0 ml) is stirred at ambient temperature form 18 hours. The reaction 
mixture is partitioned between ethyl acetate and water. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient dichloromethanermethanol 98:2 to 90:10) to afford l-{3-[3-(4-Chloro- 

phenoxy)-azetidin-l-yl].l,l.dimethyl-propyI}-3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea. [MH]+ 
424.13. 



Examples 9S tn 1 00 

The compounds of these Examples, namely l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l- 
dimethyI-propyl}-3-(5-ethyl-2-methyl-2H.pyrazol-3-yl)-urea, l-{3-[3-(4-Chloro-phenoxy)- 
azetidin-l-yl]-l,l-dimethyl-propyl}-3-(5-cydopropyl-2-methyl-2H-pyrazol-3-yl)-urea, l-{3-[3. 
(4-Chloro-phenoxy)-a2etidin-l-yl]-l,l.dimethyl-propyl}-3-(5-cydobutyl-2-methyl-2H-pyrazol- 
3-yl)-urea, l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl}-3-(2-ethyl-2H- 
tetrazol-5-yI>urea, l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl)-3-(5-ethyl- 
isoxazol-3-yl)-urea and l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl}-3-(3- 
ethyl-isoxazol-5-yl)-urea are prepared using procedures to those used m Example 94. 



Examples 101 to 114 
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The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 94 to 100 but using the appropriate amine. 

Examples lis to 98 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 31 to 37 and 52 to 58 respectively but using the 
appropriate starting materials. 

Examples 129 to 142 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 31 to 37 and 52 to 58 respectively but using the 
appropriate starting materials. 



